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OBECMEYEHWE BE3OMACHOCTW: TEXHOJIOT UKW, 06OPYAOBAHUE, CMELINAJIbHBIE CPE[CTBA

|. OBbEAUHEHHbIA UHCTUTYT NPOBAEM
UHPOPMATUKU HALUOHAABHOU AKAAEMUUN
HAYK BEAAPYCH

1. MPOTPAMMHO-NHOOPMALMOHHbIA KOMMNEKC NOAAEPXKKU MPUHATMA PELLEHNI
HA OCHOBE AHANIU3A ONMEPATUBHO-TAKTUYECKUX CBOUCTB MECTHOCTU «TUC-BH-2M»

OMNMUCAHUE PA3PABOTKHN

Komnnekc «T’MC-BH-2M» ob6ecneumBaeT MHTerpauuio, yHuduLmnpoBaHHOE NpeacTaBieHne, 06paboTky, oTobpa-
»KEeHMe N JOKYMEHTMPOBaHME Pa3HOPOAHbIX AaHHbIX, B TOM Y/C/Ie reonpoCTPaHCTBEHHbIX U AaHHbIX OnepaTus-
HO-TaKTUYeCKOW 06CTaHOBKM, HEOOXOAMMbIX AOMKHOCTHBIM JIMLLAM OPraHOB BOEHHOMO YNpaBieHns AnA OLeH-
K1 06CTaHOBKU U NMPUHATIA pPeLLEHWI MO yNpaBieHUto cunamu (CpeacTBamu).

Komnnekc «'MIC-BH-2M» npegHa3HauyeH ana peweHmna cnegyowmnx GyHKLMOHaNbHbIX 3a4ay:

— OnepaTMBHbIN aHaNM3 MECTHOCTM B TONOreoe31MyeCckom OTHOLLEHMW B XOfe NPOBEAEHNA KOMaHAHO-LUTaOHbIX
YUYEHMI 1 MAIaHNPOBaHKA 6oeBbix onepawui;

- BBOf, PeAaKTUpPOBaHVe 1 BefeHne PasHOPOAHbIX AaHHbIX OnepaTUBHO-TaKTUYeCcKon o6cTaHoBkM (OTO)
Ha JIEKTPOHHOW KapTe;

- dopmMmpoBaHVe 1 pefakTUpoBaHne GUBNNOTEKIN YCIIOBHbIX 3HaKOB 06bekToB OTO B COOTBETCTBMU C KNac-
cndmkatopamm OTO;

— MoAroToBKa rpaduyecKnx JOKYMeHTOB /1A 3afiay NIaHUPOBAHWA 1 BbIMONHEHUA 6OEBbIX 3aAay;
— BM3yanM3aumsa NeKTPOHHbIX KapT U TeMAaTUYeCKON MHpopmMaLy;

— MOAENMPOBaHYVE U peLleHne 3a4ay CrneLmnanbHoro HasHayeHus (MoOAeIMPOBaHYe 30H 3aTOMNEeHUI, pacyeT
ONTVMaNbHOIO MapLLpyTa, MOVCK 0bnacTel 3aaHHOro Pa3Mepa C 3afaHHbIMN XapaKTePUCTKaMK, pacyeT 3a-
naca Tornorpaduyecknx KapT v ap.);

— N3MepuTeSIbHbIE 1 aHANUTUYECKIE onepaumn (NocTpoeHe BypepHbIX 30H, MOUCK 06 EKTOB MO Habopy ycsio-
BUIA, MO COOCTBEHHOMY Ha3BaHWI0, HAXOAALMXCA B 3aaHHbIX MPOCTPAHCTBEHHbIX OTHOLLEHNSAX, PACUeT 4JIVHbI,
naowagmn o6beKToB, PacCTOAHWNIA, a3UMYTOB, 30H BUAMMOCTU U T. A.);

— COCTaBJIeHME CreuranbHbIX KapT BOEHHOTO Ha3HaueHuA (reofe3nyecknx AaHHbIX, NyTer COOBLLEeHNI, UCKYC-
CTBEHHbIX MPENATCTBUN, YCNIOBUIA MacKUPOBKM, YCTOBUI MPOXOAUMOCTY, yUacTKa PEKU, aBTOMOOUIIbHbBIX OPOT);

- NoslyYyeHme CrpaBKky O MEeCTHOCTY;
— 06paboTKa AaHHbIX JUCTAHLMOHHOIO 30HANPOBAHUSA 3emMny;

— MNOPT (3KCMOPT) AaHHbIX U3 dopmaTto SXF, MID/MIF, SHAPE Bo BHYTpeHHWI (U3 BHYTpeHHero) dopmat MNIC;
- nojaepka mexaH1M3Ma MHOronob30BaTeNbCKOro JocTyna K AgaHHbIM OTO;

- CO3faHVie NPOCTPAHCTBEHHbIX MOAENEe Ha 3aflaHHYo TeppuTopuio (UndpoBas Mogesb penbeda, MECTHOCTH,
NO3MLMOHHOIO paiioHa, MaTPULIbl KAUeCTB);

- BU3yanv3aums TPeXMepHbIX Mogenen MecTHOCTH;
— CEPBUCHbIE Onepauyn.

basosble ¢yHKUMM TUC peanusoBaHbl B Buge DLL-6MbAMOTEK B KPOCCMNAaTGOPMEHHOM WCMOSTHEHWN
(OCWINDOWS n LINUX).

TEXHUYECKUE NMPEMMYLLECTBA

Mo cBoMM dyHKLMOHANbHbIM XapaKTepucTmkaM KOMMeKC He nMeeT aHanoros B Pecnybnvike benapycb v He
ycTynaeT 3apyb6exxHbiMm obpa3uam. ObecneurBaeT MMNOPTO3aMeLLEHME W MOBbILLEHNE ONepaTUBHOCTY NPUHS-
TUA peLleHniA NPy BbINOJIHEHMN GOEBbIX 3a4au.



OXWAAEMbIV PE3YJIBTAT MPUMEHEHUA

Komnnekc «TMC-BH-2M» npefHa3HaueH Ansi CHAaGXKeHWs YyacTell HaBUraLMOHHO-Tornorpaduryeckon ciyobl
Boopy:keHHbix Cn Pecny6nunkn benapycb, ero MognrKkaLumm HaxogaTCsa B COCTaBe NOABMKHbBIX HABUTALMIOHHO-
Tonorpadryeckmx, HaBMraLuVOHHO-TeoAe3MYECKNX U NoNUrpadnyecKnx KOMMIEKCoB.

TEKYLWLAA CTAAQUA PA3BUTUA

Pa3paboTka NocTynumna B YacTl HaBUraLMOHHO-ToMNorpaduyeckor cnyxosl BoopyxeHHbix Cun Pecnybnmnku
benapycb.

CBEAEHNA O NPABOBOV OXPAHE

CobcTBeHHOCTb MHMCTEPCTBA 060POHbI Pecnybnukn benapyceb.

NMOTEHUWAJIbHbBIE NOTPEBUTENN U/ SAUHTEPECOBAHHDIE B PASPABOTKE

HasuraymoHHo-Tonorpaduyeckas cnyx6a BoopyeHHbix Crn Pecnybnukn benapycb, Tonorpaduyeckan cnyx-
6a Boopy»<eHHbIx cun Pecny6nukn ¥Y36ekuctaH, OAO «ATAT — cuctembl ynpaBneHusa» — yrnpasnsioLias komna-
HYA xonauHra «feoMHPopMaLMOHHbIE CUCTEMbI YNPaBIEHUAY.

KOHTAKTHbIE BAHHbIE

Kptoukos AnekcaHgp Hukonaesuy, 3aBegytolymin nabopatopuei.
Ten.: (+37517) 273 23 63
E-mail: lab210@newman.bas-net.by




Il. OB'I:EAMHEHHI:I@ UHCTUTYT MALLUMHOCTPOEHUA
HAUMOHAAbHOU AKAAEMUN HAYK BEAAPYCH

2. MOAYNbHAA CUCTEMA HAKOMTEHUA SNEKTPUYECKON SHEPTUU

ONMUCAHUE PA3SPABOTKA

MogynbHas ccTemMa HaKOMJIEHUSA NIEKTPUYECKON SHePrm Ha 6ase nuTuiicofepallux 3NeMeHTOB NPeaCcTaB-
naeT cobo Habop GYHKLMOHaNBbHO 3aBEPLUEHHbIX OAHOTUMHBIX Y B3aUMOCOIIacOBaHHbIX KOMMOHEHTOB, 0be-
CneymnBaloLLX BO3MOXHOCTb CO3aHMA HAaKONUTENEN SHEPTUN C YPOBHEM EMKOCTM U Aana3oHOM HaNpaXKeHWI,
TpebyeMmblX B CUJIOBOV YCTAaHOBKE TPAHCMOPTHOrO CPEACTBA WU CTALMOHAPHOW CMCTEME HAKOMIEHUS SHEPT N,

Coepbl NPUMEHeHNA: MALLMHOCTPOEHWE, SHEPTETVKA, BOEHHO-NMPOMBILLIEHHbIN KOMIEKC.

Ha3HaueHue: sHeproobecneyeHvie CUIOBbIX YyCTaHOBOK MOOWIIbHBIX MaLLMH, @ TaKXKe TEXHOJIOrMYeckoro obopy-
[OBaHMA 1 criemanbHbIX CPecTB, PaboTaloLWmX B MONEBbIX YCNOBUAX (PEMOHTHbIE MacTepCKUe, LIEHTPbI ynpaB-
NEeHUsA, MeVLMHCKNE YUYpeKAeHUs 1 MOOWIbHbIE MYHKTbI, CPeiCTBa MOHUTOPVHIA OKPYXatoLell 06CTaHOBKM
1 MOCTAaHOBKN NOMEX U T. [.).

TEXHUYECKUE NMPEUMYLLECTBA

Mcnonb3oBaHve Moy bHON CCTEMbI HAKOMJIEH WA SHEPTUN MO3BONAET KOMMNOHOBATL TAroBble 6aTapen Ha fio-
6ble 3HaUEeHNA eMKOCTY U HaNPsXKeHMA 3a CUET BO3MOXHOCTY Noc/iefoBaTesibHO-MapannenbHon cbopku mogy-
nen C Wwarom, 3agaHHbIM 6a30BbIMM NapaMeTpamm OLHOIO MOZYNA.

Mopynun npefctaBnaioT co60 KOHCTPYKTUBHO 3aKOHUYEHHOE n3fenuve, npefHasHauyeHHoe AN YCTaHOBKU
Ha TPaHCMOPTHble CPeACTBa UMM CTaLMOHAPHbIE HAKOMUTENbHbIE YCTaHOBKW. Mogynu 060pyaoBaHbl CUCTEMONA
BMS ¢ naccuBHOI MK akTUBHOW 6anaHCUPOBKON, CUCTEMON TePMOCTabMAN3aLnn U pa3beguHUTENemM gns Npo-
BefleHVA CepPBUCHbIX PaboT.

OXUAAEMbI PE3YJIbTAT NPUMEHEHMA
Mcnonb3oBaHue B cocTaBe MOBUNbHbIX KOMMNEKCOB, TPebYIoLMX aBTOHOMHOE 3/1eKTponuTaHume.

TEKYLWAA CTARUA PA3BUTUA

BbinonHeHa HayuHO-MCCNeAoBaTeNbCKas UM OMNbITHO-KOHCTPYKTOPCKAA (TEXHOMOrMYeckas) paboTa; BbinyLieH
OMbITHBIN 06pa3zeL.

CBEAEHNA O NPABOBOW OXPAHE
OTCyTCTBYIOT.




NMOTEHUWWAJNbHbIE MOTPEBUTEN U/WTN 3AUMHTEPECOBAHHDIE B PA3BPABOTKE

Mpegnpuatua focynapCcTBEHHOrO BOEHHO-MPOMbILLIEHHOTO KoMmuTeTa Pecny6nukn benapycb, MuHmctepcTea
npomblwneHHocT Pecnybnvikn benapycb 1 yacTHble NPeAnPUATUS; NPON3BOAUTENN TPAHCMOPTHbIX, TEXHOMOI -
UeCKMX 1 CneumanbHblX MaLWVH C 3/IEKTPUYECKUMU Y TMOPUAHBIMUA CUSTOBBIMI YCTaHOBKaMU; NPeanpUsaTIs 1 op-
raH13aLum ¢ 0cobbiMM TPEGOBAHUAMM K HAAEXKHOCTY CUCTEMbI SHEProobecneyeHus.

KOHTAKTHbIE AHHbIE

Benesnu AnekcaHap BnagmmmnpoBuy, 3aMecTuTeNb reHepanbHOTo AUPEKTOPa MO BbICOKOABTOMATU3POBaHHOMY
3NeKTPOTPAHCNOPTY — HayasbHMK HayYHO-VIHXMHUPUHIOBOTO LIeHTPa «IneKTpoMexaHuyeckme 1 rmépuiHble
CVIOBbIE YCTAHOBKY MOBUIBHBIX MALLVHY.

Ten.: (+37517) 3732085

E-mail: ev@oim.by

3. CUCTEMA SNEKTPOMPNBOAA BECTMNOTHBIX IETATENbHbIX ANMAPATOB

OMUCAHUE PA3PABOTKU

Cuctema aNneKTponpmneoaa 6eCnNOTHbIX NeTaTeNbHbIX annapaTtoB npeacTtaBnAeT coboi KOHCTPYKTUBHO 00b-
eANHEeHHbIe CVIHXpOHHbII7I SNneKTpoaBuratesib U NHBEPTOP AJIA €ro ynpaeiieHNA Ha OCHOBaHMW ynpaBJiALWNX
BO34eNCTBWI NOSNIETHOIO KOHTpOJiepa.

Codepbl NpYMeHEHNA: MALLMHOCTPOEHWE, BOEHHO-MPOMbILLIEHHbIN KOMMIEKC.

Ha3HaueHwue: nprBog BYHTA 6€CNIOTHOrO fIeTaTesIbHOro anmnaparta.

OCHOBHble TEXHNYECKME XapaKTePUCTUKM MPUBOJa:

— TN NPUBOAA: CUHXPOHHDIN Ha MOCTOAHHbBIX MarHUTax C BO3AYLWHOW CUCTEMOW OXNTaXKAEHWS;
— MaKcvMManbHas YacToTa BpalleHus potopa: 4000 06/MUH;

— MaKCUManbHbIA KpYTAWNA MOMEHT: 14 Hwm;

— HanpsaXeHne NuTaHnA: 46-62 B;

— MaKCMarnbHbI noTpebnaembln Tok: 110 A;

- Macca npusoga: 1,8 Kr.

TEXHUYECKUE NMPEMMYLLECTBA

CucTema aneKTpONpPMBOAa COOTBETCTBYET MUPOBOMY YPOBHIO JAHHOTO Kacca U3Aeni B YacTy yaesbHbIX Mac-
corabapuTHbIX MAapPaMETPOB M3[ENVs 1 peannsyembix GyHKLMOHANbHBIX XapaKTEPUCTUK.




Cneurdrika NpPoeKTUPOBaHKA KOHCTPYKLUM 0becrneumBaeT BO3MOXKHOCTb OPraH13aLmmy ee cCepuinHOro Npouns-
BOZCTBA C UCMOMb30BaHNEM CYLLECTBYIOLLMX TEXHONOMMYECKINX BO3MOXHOCTEN OTEUECTBEHHDIX NPEANPUATUAIA.

OXWAAEMbIA PE3YJIbTAT NPUMEHEHMA
Mcnonb3oBaHue B cocTaBe 6eCNUIOTHbIX leTaTeNlbHbIX annapaTos PasiNYHOro GyHKLMOHaIbHOTO Ha3HaueHus.

TEKYLLAA CTAAUA PA3BUTUA

BbinosiHeHa Hay4YHO-MCCefoBaTeNbCKasA UK OMbITHO-KOHCTPYKTOPCKas (TexHonornyeckas) pabora; BbinyLeH
OMbITHbI 06pa3seL.

CBEAEHUNA O MPABOBOW OXPAHE
OTCyTCTBYIOT.

NOTEHUWAJIbHbIE MOTPEBUTENU WU/ 3AUHTEPECOBAHHDIE B PASPABOTKE

Mpeanpuatus locyfapCcTBEHHOTO BOEHHO-MPOMbILLNIEHHOTO KoMuTeTa Pecny6nvku benapycb, MuHmuctepcTea
NPOoMbILLNeHHOCTV Pecnybnunku benapycb 1 yacTHble NpeanpUATYS; NPOU3BOANUTENV BECMUITOTHBIX fleTaTebHbIX
annapaTtoB C 3NEKTPUYECKUMU CUITOBBIMU YCTAaHOBKaMMU.

KOHTAKTHbIE JAHHbIE

Benesuy AnekcaHap BnagmmmnpoBuy, 3amecTrTeNb reHepasbHOro AUPEKTOPA MO BbICOKOABTOMAT/3UPOBaHHOMY
3N1eKTPOTPAHCMOPTY — HaYasIbHUK HayYHO-VHXUHUPUHIOBOIO LIeHTPa «DneKTpoMexaHnyeckmne 1 rubpuaHble
CYNOBble YCTaHOBKU MOBUIBHBIX MaLLIVHY.

Ten.: (+37517) 373 20 85

E-mail: ev@oim.by




OBECIMEYEHME BE3OMACHOCTU: TEXHONTOTU, 060PYAOBAHUE, CMELUAJIDHBIE CPE[CTBA

ll. HAYYHO-UCCAEAOBATEAbCKUA UHCTUTYT
NMOXXAPHOM BE3ONACHOCTU U MPOBAEM
YPE3BbIYAUHbIX CUTYALLUN
MWHUCTEPCTBA MO YPE3BbIYANHBIM CUTYALLUAM
PECNYBAUKU BEAAPYCDb

4.NMPOrPAMMHO-ANMAPATHbIA UCTBITATE/IbHbBIN

KOMMAEKC ANA ONPEAENEHUA OUSUYECKOI0 COCTOAHUA
CMACATENA-NOMAPHOIO0 B CNELMANBHOW 3ALUTHON SKUMNPOBKE

B YCNOBUAX, NPUBINKEHHDIX K PEAJIbHbIM YCNOBUAM INKBUAALIUU
YPE3BbIYANHbIX CUTYALIUH

OMNMUCAHUE PASPABOTKI

MporpaMMHO-annapaTHbIV UCNbITAaTeNbHbIN KOMMIEKC AnA onpefeneHna Gpranyeckoro COCToAHMA cnacaTens-
MOXapHOrOo B CNeuranbHON 3aWMTHOW SKUMMPOBKE B YCIOBUAX, TPUOAMMXKEHHbIX K peasibHbIM YCII0BUAM JINKBU-
[aumy Ype3BblYaHbIX CUTyaLMiA, NPeACcTaBNAeT cCOboM KNMaTMUeckme Kamepbl (Kamepa Tensa u kamepa Xono-
[a), aBTOMaTU3POBaHHYIO0 CCTEMY YMNPaBIIeHNA TEXHONOTMYECKNM MPOLeCCOM MCMbITaHUN, a Tak»Ke BCMOMOra-
TeNbHOe 060pyAOBaHMe, NpefHa3HaYeHHbIe A1A OLEHKM GM13NYECKOro COCTOAHMA CrnacaTensa-noMapHOro 1 KC-
nyaTaLMOHHbIX XapaKTepuCTUK CpeACcTB UHANBMAYANIbHOM 3aLMTbl B YCIIOBUAX SKCMNyaTaLUMOHHbIX UCMbITaHUN.
Komnnekc obecrneumBaeT BO3MOXKHOCTb CO3LaHUsA TeMMnepaTyp oKpyatowwei cpefbl oT +30 go +60 °C 1 ot -40
[0 —55 °C, B KOTOPbIX UCMbITaTeNb MPY NOMOLLY TPEHAXKEPOB NPON3BOANT UMUTALMIO BbIMOSHEHWA aBapUiiHO-
crnacaTenbHbIX paboT. CucteMa perncTpaummn TemnepaTypbl 1 NyNbCOMETP OCYLLECTBAAIT COOP AaHHbIX 06 13-
MEHeHUN TemnepaTypbl B NOAKOCTIOMHOM MPOCTPAHCTBE, @ TakXe nyfibca NCMbITYyeMOro B npoLecce Ncnbita-
HuI. CUcTEMa permcTpaumy AaHHbIX BKOYaeT B ce6a 15 pernctpatopoB TeMnepaTypbl ¥ MOHUTOP CEPAEYHOTO
putMa (NynbCoOMETp), KOTOPbIE OCYLLECTBAAIOT Nepefayy faHHbIX C MPUMEHEHMEM TEXHONOMK 6ecnpoBOgHOM
€BA3W. ABTOMATU3MPOBaHHasA cMCTeMa ynpaBieHna TEXHONOrMYeCKUM NPOLLECCOM UCTbITaHUI NpeAHa3HavaeTcA
ANA ocyLecTBneHNA cbopa faHHbIX O TemnepaType 1 YacToTe MNysbca UCMbITaTeNns B MOAKOCTIOMHOM MPOCTPaH-
CTBE Ha MPOTAXXEHUN BCEro Xofa UCMbiTaHUN. [Nocne 3aBepLueHna NCMbITaHUI GOPMUPYETCA OTYET, B KOTOPOM
oTobpaXkaeTcs X0 NPOBEAEHHBIX NCMbITAHWUIA.

UcnsiTaresns CHapsKeHbI
CHCTEMOV perncTpaLmm
Kamepa xonoga TeMnepPaTypbI 1 11yIbCoOMETPOM Kamepa renna
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OBECIMEYEHWUE BE3OMACHOCTW: TEXHONOTK, 0bOPYI0BAHUE, CMELINANIbHBIE CPE[ICTBA

TEXHUYECKUE NMPEMMYLLECTBA

3a cyeT UCNoNb30BaHNA OTAENbHbIX KamMep XonoAa, Tensia  BNaXHOCTn nporpaMMHo—annapaTHbuh ncnblTaTesb-
HbI KOMMEKC ANA onpeaeneHna d)VI3I/ILIECKOI'O COCTOAHMA CnacaTenA-noapHOro B cneumanbHOM 3alWUTHOW SKN-
NMMPOBKe B yCJ1IOBUAX, ﬂpI/I6J'IVI)KEHHbIX K peajibHbIM YCNOBUAM INKBUA4aUNN LIpe."':BbILIaIZHbIX CVITyaLI,VIVI, B oTninyme
oT 3apy6e>KHb|x aHanoros, obecneunt HenpepbIBHOCTb npouecca NCMNbITaHWI BHE 3aBUCUMOCTU OT CO34aBaeMblX
yCJ'IOBVIl7| (nonoxunTtenbHaa nnm oTpuuaTesibHaA TeMmnepaTtypa 0pr>Ka|ou4e|7| cpepnbl, NoBbIlLEeHHAA BNa)KHOCTb).
(DyHKLI,VIOHaJ'I KOMMJIEKCa 6WZ|,ET ncnonb30BaTbCA Npu NpoBefeHNN Hay4YHbIX nccnefoBaHnin, CBA3aHHbIX C pas-
pa6OTKOl7| HOBbIX 3JTEMEHTOB 3KUNMNPOBKA cnacaTeneVl—nox(aprlx 1 onTMmn3aumen KOHCTPYKUMN CpeacTs NH-
}J,I/IBVI,D,yaJ'IbHOVI 3aWnTbl Ha OCHOBAHUM NMNOJTYYEHHbIX CcBefeHun o (I)VI3VI‘-IECKOM COCTOAHUN CnacaTenA-noXapHoro
npu NX ncnosib3oBaHNM B yCNOBUAX BbINOJIHEHUA aBapVIVIHO-CHacaTEHbeIX pa60T.

OXUOAEMbI PE3YJIBTAT MPUMEHEHUA

I'IpmmeHeH ne B NCCNefoBaTeNIbCKOM [eATeNbHOCTA nporpaMMHoO-annapaTHOro NCnbiTaTeSIbHOro KOMMJiIeKCa anAa
onpeneneHna ¢M3I/IHECKOFO COCTOAHUA CnacaTeNiA-NoXapHoro B crneunanbHON 3alWnTHON SKMNNPOBKE B yCJ10-
BUAX, I'Ipl/l6ﬂI/I)KeHHbIX K peanbHbIM yCNnoBUAM NNIMKBUAAL NN t-Ipe3BbIHaI7IHbIX cmyau,mﬁ, AacCT BO3MOXHOCTb NOBbI-
CATb YPOBEHb 3¢Cl)eKTI/IBHOCTI/I cpencTs I/IH,D,I/IBI/I,D,yaﬂbHOI;I 3allinTbl NOXKAPHOro, NpUMeHAeMbIX cneunannctamim
aBapmﬁHo-cnacaTeanblx CJ'Iy)K6 MI/IHVICTepCTBa no l4pe3BI:-ILIaI;IHbIM cnTyaumam PeCI'Iy6ﬂI/IKI/I Benapbe, nyTem
nony4yeHnA HOBbIX 3HAHWUIN O BAVAHUN TeMNepaTypHOro pexnma Ha HUX N UCnblTaTens.

TEKYLWAA CTAQNA PA3BUTUA
BbinyLeH onbITHbIN 06pa3seL,.

CBEJJEH/A O MPABOBOI1 OXPAHE
OTCyTCTBYIOT.

NOTEHUWAJIbHbIE MOTPEBUTENU WU/ 3BAUMHTEPECOBAHHDIE B PASPABOTKE

MpeanpuaATUA NErkon 1 TAXKeNoW NPOMbILLIEHHOCTY, Pa3paboTurKkmn 1 NPOU3BOAMTENN NPOTUBOMNOXKAPHOIO
060pyaoBaHUs.

KOHTAKTHbIE AHHbIE

CrapoBoiiToB AHapeii AneKcaHAPOBMY, HauanbHUK HayYHO-CCIIEA0BATENIbCKOTO LIEHTPa B 061acTu
NVKBUAALMUY YpE3BbIYaHbIX CUTYaLWA.

Ten.: (+37517) 388 97 20

E-mail: likv.niipb@112.by



5. KOMNEKC UCNBITATENbHbIA «TEPMOMAHEKEH»

OMUCAHUE PA3PABOTKI

Komnnekc ncnbitatenbHblil «TepmoMaHeKeH» npencTaBnaeT coboi COBOKYMHOCTb B3aMMOCBA3aHHbIX MeXay
o601 06bEMHO-MNAHNPOBOYHbIX PELLEHUI, UCMbITAaTENIbBHOFO 060PYAOBaHUS U CPeACTB U3MEPEHUI, NpeaHa-
3HaYeHHbIX A4N1A NpoBedeHnA NCCeJOBaHUN 1 UCNbITaHWIA CNeLranbHOM 3alWKUTHOM OdeXabl U SKUMUPOBKK MOo-
MapHOro No nokasartenAm yCTONYMBOCTI K BO3AENCTBUIO OTKPLITOrO MiiaMeHn 1 TeMaoBOro notoka. Komnnekc
No3BOSIAET NPOBOAUTL NCCIefoBaTeNbCKIME NCMbITAHUA CPeACTB NHANBMAYANIbHOM 3aLMTbl MOXAPHOro Ha Nos-
HOpPa3MepHOM MaHeKeHe, UMUTUPYIOLLLEM TeNo YenoBeKa C PaCnoNOXKeHHbIMY B Pa3HbIX YacTAX TPUALATBIO AaT-
UYMKaMM KOHTPOJIA TemnepaTypbl 1 TENI0BOro NoToKa. Ha MaHeKeH, SKMNnpoBaHHbIN B 3alUTHYIO OfeXxAay, BO3-
[ecTByeT TEMNJIOBON MOTOK U OTKPbITOE Milams ¢ Temnepatypoi 6onee 800 °C ¢ pernctpaluern Temnepartypbl
1 TeMNI0BOro NOTOKa B MOAKOCTIOMHOM NPOCTPaHCTBe. KoMmnneKc No3BonfeT MakCMmasnbHO CMOAeNNpoBaTh pa-
6oune (3KCMyaTaLOHHbIE) YCIIOBMA AJ1A MOMHOrO KOMMJIEKTa 3aLMTHON SKUMMPOBKA 11 OLLEHUTb CTEeMeHb 3a-
LWMTbI Tena OT BO3[4eNCTBMA TENIOBbIX MOTOKOB 1 OTKPLITOrO NnjiaMeHu.




TEXHUYECKUE NMPEUMYLLECTBA

Komnnekc ncnbitaTesibHbl «TepMOMAHEKEH», B OTIMYME OT 3apyOeXKHbIX aHaASIOroB, MO3BOSET NPOBOAUTL UC-
MbITaHKA He TONIbKO CMeLUanbHOM 3aLlUTHOM OfEXAbl NMOXKAPHOI0, HO M CPeACTBA 3aLUUTbl HOT, PYK, ronoBbl. C ero
NMOMOLLbIO MOXHO KOMIMIEKCHO OLIEHUTDb CTEMEHD 3aLLMTbI TENa B MOJIHOW SKMMMPOBKE OT BO3AENCTBYA TEMOBbIX
NMOTOKOB U OTKPbITOTO MylaMeHM, MaKCMaJlbHO CMOZENMPOBAB pabourie yCnoBus. BaXHbIM KOMMOHEHTOM B pas-
paboTaHHOM KOMIIEKCE ABMAETCA KOHCTPYKTUBHAsA OCOOEHHOCTb PACMONOKEHNA KOHTPONIbHO-M3MEPUTENBHBIX
NprbopOB, KOTOPbIE Pa3MeLLEHbI B TOM YMCIIE B MPOCTPAHCTBE FOMI0Bbl, PYK U HOT TepMOMaHeKeHa. [laHHas KOH-
CTPYKTMBHasA OCOOEHHOCTb AAeT BO3MOXHOCTb 60Jiee OObEKTUBHO OLIEHUTb PUCKM BO3MOXKHbIX MOBPEXAEHUI
KO>KHOTO MOKPOBa YenoBeka. B cylecTByoWyx NpoToTUNaxX yCTaHOBKM He MPeAyCMOTPEHA TaKas BO3MOXHOCTb.

OXXWUAAEMbI PE3YNIbTAT NPUMEHEHUA

Komnnekc ncnbitatenibHbli «TepMOMaHEKEH» MO3BOJIUT MOBbLICUTb 3GPEKTUBHOCTb Pa3paboTKN COBPEMEHHDBIX
3/IEMEHTOB SKMMPOBKYM NOXKaPHbIX CacaTesiel, a TakKe 06ecneynT oTeyecTBEHHbIM NPOU3BOANTENAM BbIXOS,
Ha MUPOBOI PbIHOK 6e3 NPoBeAeHUs JOPOroCTOALMX UCTIbITaHUIA 3a py6Gexom. KomnieKkc no3BonseT npose-
CTUW pA 3HAUYMMBbIX HayUYHbIX MCCIEA0BAHUI 1 PacCLIMPUTb 06/1aCTb 3HAHWI B 0COBEHHOCTAX U TEXHONOMM NPO-
M3BOJCTBA HOBbIX KOHCTPYKTUBHbIX 3/1IEMEHTOB SKUMUPOBKU CracaTenen u apyrux cnyx6, paboTa KOTopbix Co-
NpsiXeHa C PUCKOM BO3[eNCTBIA OMacHbIX paKTOPOB OTHS, AbIMa, UCKP U NPOLYKTOB ropeHus, a Takxe B obna-
CTU NOMyYeHUs HOBbIX BUAOB MAaTEPUANOB, CMOCOOHbBIX 3GPEKTUBHO 3aLLMTUTD YeNIOBEKA NPU BbINOMHEHNN 3a-
[ay B 30He BO3/e/CTBISA BblllenepeUncyIEHHbIX OMacHbIX GaKTOpOB.

TEKYLLAA CTAAUNA PA3BUTUA

PaspaboTka BHeapeHa B AeATenbHOCTb HayuHO-MCCNenoBaTenbCckoro NHCTUTYTa NOXapHOW 6e30macHoCTM
1 npo6nemM ypesBblyaHbIX CMTyaumin MMHUCTepPCTBa MO Ype3BblUaliHbIM CUTyauuam Pecny6nmnkn benapyco.

CBEAEHUA O MPABOBOW OXPAHE
OTCyTCTBYIOT.

MNOTEHUWAJIbHbIE NOTPEBUTEJTA /W 3AUHTEPECOBAHHDIE B PA3SPABOTKE
MpennpunaATA Nerkom NPOMbILLIEHHOCTN.

KOHTAKTHbIE AAHHbIE

CrapoBoiToB AHApel AneKcaHApPOBUY, HaYallbHUK HayuHO-1ccnefoBaTenbCKOro LEeHTPa B 0611acTu
NMKBUZALUN Ype3BbIYAHBIX CUTYaLUA.

Ten.: (+375 17) 388 97 20

E-mail: likv.niipb@112.by




OBECMEYEHWE BE3OMACHOCTW: TEXHOJIOTUWU, 0bOPYAOBAHUE, CNELIUAJIbHBIE CPE[CTBA

IV. BEAOPYCCKASA TOCYAAPCTBEHHAS AKAAEMUA ABUALLUUN

6. UHTEJUTEKTYANIbHAA CUCTEMA HABUTALIUOHHO-WUHOOPMALIUOHHOIO
OBECNEYEHNA OPTAHU3ALIUN, KOOPANHWPOBAHWUA U YNPABNEHUA NONETAMU
BECIUNOTHLIX BO3AYLWIHbIX CYA0B B EAUHOM BO3AYLLHOM NMPOCTPAHCTBE

OMNMUCAHUE PASPABOTKI

Mpepanaraetca HOBasA CTPYKTypa BO3AYLWHOro NPOCTPAHCTBA M NOPAAOK (3Tambl U UX COfepKaHne) NHTerpa-
Lum 6ecnnnoTHbIX aBUaLMoHHbIX cuctem (BAC) B obLee Bo3ayLIHOE NPOCTPAHCTBO Pecny6nnkm benapych. Pas-
paboTaHa apxMTeKTypa CUCTEMbl HaBUFALMOHHO-MHGOPMaLIMOHHOIO obecneyeHms, BKIOYaa HOBble npoLeny-
pbl 1 CEPBUCHI, MOAENV NPOrPaMMHO-annapaTHOro KOMrieKkca gucrnetyepa LeHTpa opraH13aumm v ynpaeneHuns
BO3YLUHbIM fBUXKeHEM BAC, ero apxutekTypa B KOHTEKCTE MHPOPMALMOHHBIX MPOLIECCOB U NX YYaCTHUKOB, Oa-
30Bble CePBUCHI Y MHPOPMaLIMOHHble CBA3M NaTtdopmbl. [poBefieHbl HaTypPHble SKCMEPUMEHTbI MO OLLeHKe ToY-
HOCTW NO3ULMOHMPOBaHNA 6eCcnNOTHOrO Bo3ayLwHoro cyaHa (BBC) B pa3nnuHbIx ycnoBuax GyHKLMOHMPOBa-
HKA, TOM YKCIe B CETAX COTOBOW CBA3Y, pa3paboTaHbl 1 NyTeM MaTEMaTUYECKOrO MOAENNPOBaHMA UCCefoBa-
Hbl MeTOAbl MOCTPOEHMA ONTUMasbHbIX TpaekTopun noneta bBC.

TEXHUYECKUE NMPEMMYLLECTBA

PaspaboTaHa apXuUTEKTypa W 3KCM/yaTalMOHHasAs KOHLENUUA MHOTOYPOBHEBOW CUCTEMbl HaBUraLVIOHHO-
NHPOpPMaLMOHHOTO obecneyeHns Bo3aylHoro asuxeHus BAC, paspaboTtaHa ¢yHKUMOHANbHAsA MOAeSb Npo-
rPaMMHO-anmnapaTHOro KOMMeKca gucnetyepa opraHvisauuy 6ecnmunoTHOro ABUXKEHUA, NCCeoBaHbl XapakK-
TEPUCTUKM TOYHOCTW BbiAepXKMBaHNA TpaekTopurit BBC, LeNoCTHOCTM HaBMraLMOHHOTO NoniA 1 Nonsa Habnoae-
HYA MPU pa3nNyYHbIX BapriaHTax 60pToBoro o6opyaoBaHua bBC 1 HazeMHOI MHGPACTPYKTYPbl CYLLECTBYOLNX
N NEPCNEKTUBHbIX TEXHUYECKMX CPEACTB YNPaB/ieHNsA BO3YLUHbIM ABUKEHNEM.

HayuHo-TeXHUYECKNN ypoBEHb COOTBETCTBYET MMPOBOMY YPOBHIO HOBU3HbI.

OXXUAAEMbIA PE3YNbTAT NPUMEHEHUA

KoHeyHbIM pe3ysbTaTom NpoeKTa ABNAETCA KoHUenuua nHterpauum bBAC B Bo3ayLHoe npocTpaHcTso Pecny-
6nrKkn benapycb Ha OCHOBe MHTENNIeKTyalbHOW CUCTEMbI HaBUTaLMIOHHO-MHPOPMaLIMOHHOIO obecneyeHunsa nx
MoneTos.

TEKYWAA CTAOUA PASBUTUA

BbinonHeHa HayuHo-nccnefoBaTenbckan pabora.

CBEZIEHUA O NPABOBOW OXPAHE
OTcyTCTBY!IOT.

NOTEHUWAJIbHbIE NOTPEBUTEJIN N/ SAUHTEPECOBAHHbDIE B PASPABOTKE

JenapTtameHT no aBmaumm MrHucTepcTBa TpaHCNoOpTa M KOMMYHUKauuid Pecnybnukn benapycb, skcnnyataH-
Tbl 1 nocTaswmkn ycnyr bAC.

KOHTAKTHbIE AAHHbIE

CkpbinHuK Oner Hukonaesuy, npodeccop Kadenpbl opraHn3aLmm ABUKEeHUA 1 obecrneyeHna 6e30nacHOCTH
Ha BO3JyLIHOM TpaHCnopTe, AOKTOP TEXHUYECKMX HayK, Mpodeccop.
E-mail: skripnikon@yandex.ru



V. BEAOPYCCKWUN TOCYAAPCTBEHHbIN
YHUBEPCUTET

7. YHUBEPCUTETCKUI HAHOCMYTHUK BSUSAT-2

ONMUCAHUE PA3SPABOTKA

B BenopycckoM rocygapcTBEHHOM YHUBEPCUTETE Peasim30BaH MOJHbIN LUK COOPKU, OTNAAKN, CMbITaHNIA,
3anycka 1 3KCniyaTaumm KocMmyeckoro annapata. BSUSat-2 npeactaBnseTt coboli yHBepcanbHY0 PeKoH-
burypupyemyio netHyto nnatbopmy MoAyNbHOIO Tna C 06beAUHNTENIbHON MaTEPUHCKON NNaToN, KapKacom,
CNye6bHbIMM MOAYNAMMN OCHOBHbIX 60OPTOBbIX NOACUCTEM A1 SHEPrOCHAOXeHWA, PajMOoCBA3N, yNpaBneHus,
opueHTaumm 1 ctabunrsauum n Habopom mogyren NonesHoM Harpy3Kn NoL KOHKPETHbIE HayuHble U NMPaKTy-
yeckue 3afaun.

BTopoln HaHoCnyTHUK bBenopycckoro rocynapcTBeHHoOro yHuBepcuteta BSUSat-2 BbiBefeH Ha opbuty
27 nioHA 2023 1.

TEXHWYECKUE NPEMMYLLEECTBA

PekoHburypupyemas netHas nnatdopma MoaybHOO THMNa, NO3BOAALLAA MOAKIIOUYEHUE KaK ClyKeOHbIX Moay-
new, Tak 1 Mofynel None3HoN Harpy3Ky Nog KOHKPETHbIE HayuHbIEe 1 NMpaKTUYecKre 3aaadn 6e3 pa3bopku Kapkaca.

PacnpepeneHHbI LeHTp ynpaBneHus, npriema 1 06paboTKy AaHHbIX, MOAKIOUYEHHbIN K MexxayHapoaHou pa-
AMONOUTENbCKON CET aBTOMATUUYECKUX NMPUEMHBIX CTaHLUi Satnogs.




OBECIMEYEHME BE3OMACHOCTU: TEXHONTOTU, 060PYAOBAHUE, CMELUAJIbDHBIE CPE[CTBA

OXWUAAEMbI PE3YJIBTAT MPUMEHEHUA

OTpa6OTKa Lenoro KomnJiekca HoBbIX NepCneKTUBHbIX KOCMNYECKUX TEXHONIOTUMN, CBA3AHHbIX C pa3pa60TK017|
cBepXmMalibiX KOCMUYeCKMX arnnapaTtoB.

|/|MI'IOpTO3aMeLIJ,eHI/Ie MaTepmaanon 6a3bl anAa pa3pa60TK|/| rpynnmnpoBOK CBEPXMaJibIX KOCMUYECKUX arnrnapa-
TOB 1 NOAroTOBKK CneunanncTtos a3pOKOCMVILIECKOIZ oTpacnn.

CHVXeHMe ceb6ecTonMOCTV 06yUeHVst CTYAEHTOB 3a CYET COKPALLEHVE PAaCXOA0B Ha NprobpeTeHne JOPoro-
cTosiero nabopaTtopHOro 060pyaoBaHUA A NOAFOTOBKM CMELMANNCTOB a3POKOCMUYECKON OTpaCiu.

MoBbllweHNe KayecTBa 06pa3oBaHsA 1 NMOArOTOBKA CMELNANNCTOB B MHTepecax GyHKLMOHMPOBAHUA KOCMU-
UeCKom OTPaC/Ivi U UHHOBALMOHHOIO Pa3BUTHSA.

CoupanbHbii 3GdeKT NPOoeKTa 3aK/YaeTca B NPUBNIEYEHNN K aKTyallbHbIM U NEPCNEKTUBHBIM TEXHONOTNAM
Kocmmyeckol otpacnu benapycu coTpyaHUKOB 1 CTyAeHTOB benopycckoro rocyfapcTBEHHOTO YHUBepCUTETa
1 NpefcTaBuTENen APYTrMX BbICLIMX YUeOHbIX 3aBefieHNI pecny6nmKu.

TEKYLWAA CTAQANA PA3BUTUA

Pa3paboTaHbl 1 M3roTOBNEHbI iBA NETHbIX 0Opa3La HaHOCMYTHMKA, CHAOXeHHbIX MOMHOW KOHCTPYKTOPCKOM
[OKyMeHTaumel. NpoBefeH NOHbIN LK TEXHOMOMMYECKMX U JIETHBIX UCMbITaHWI. Pa3paboTaH pacnpepeneH-
HbI LIeHTP ynpaBneHus, nprema 1 o6paboTky AaHHbIX. [Tocne BbiBejeHWA Ha CONHEYHO-CUHXPOHHYI0 OpouTy
annapat UCMoJb3yeTcs B KaUecTBe y4eOHO-HayyHOW labopaTopum Afis NPoBeAeHNA HayYHO-TEXHOOMMYECKUX
nccnefoBaHui Y NOAFOTOBKM KafpoB a3poOKOCMUYECKON OTpacsu.

CBEAEHUA O NPABOBOW OXPAHE
OTcyTcTBY!IOT.

MNOTEHUWAJIbHbIE NOTPEBUTEJIN N/ BAUHTEPECOBAHHbDIE B PASPABOTKE

YHVBepPCUTETbI, KOMNAHWK, 3aHMMaloLLMEeCA pa3paboTKamu CreLnan3rpoBaHHbIX FPYMNMUPOBOK KOCMUYECKNX
annapatoB v BINJTA, a TakXe LeneBoi annapatypbl KOCMUYECKOro Ha3HauYeHUs.

KOHTAKTHbIE AAHHbIE

CaeuHuKoB Bnagmmump AnekceeBuny, [OKTOP GM3NKO-MaTEMATUYECKMX HAYK, Npodeccop.
Ten.: (+37517) 209 58 33
E-mail: saetchnikov@bsu.by

8. MOAEJIMPOBAHWE PEQPAKLIUN ATMOCOEPBI 11 IA3EPHON KOCMUYECKON
CBA3U W HABUTALINK

OMUCAHUE PASPABOTKIA

PaspaboTtaHHas Mofenb 1 ee NporpaMmmHas peanmn3aumns No3BoNAT BbUNCIATL pedpaKkLuio Npu Npoxoxae-
HIVW Ta3epPHOrO N3NyYeHnsA Yepes aTMochepy NPU PasnNYHbIX 3aBUCUMOCTAX OT TeMNepaTypbl 1 AaBEHUA, B TOM
yuncsie 1 CyLeCcTBEHHO OT/IMYHBIX OT CTaHZaPTHOW aTMochepbl. Mogens paboTaeT B LUIMPOKOM JMana3oHe a3umy-
TaJIbHbIX YITIOB, BK/oYas 60sblune, Fae NPOCTble aCTPOHOMUYECKME GOPMYIIbl CTAHOBATCS HEMPUTOAHbIMM AJ15
pacueTa pedpakuuu. MposeaeHHbIE KOMMbIOTEPHbIE PAcUeTbl C NCMOb30BaHNEM HECKONbKMX N3BECTHbBIX MO-
NYSMAMPUYECKUX 3aBUCMOCTEN NOKa3aTens NpesioMieHUs OT TeMMepaTypbl, AaBNEHWSA 1 ASIVIHbI BOJIHbI fla3ep-
HOTO U3/lyYeHNA NOKa3asn XOPOLLYH COFIAacOBaHHOCTb C M3BECTHbIMY SKCMEPUMEHTANIbHBIMU JaHHbIMUX AN aT-
Mocdepbl, 61113KoN K CTaHZapTHOW. PacueT pedpakumm Heo6Xoaum ANiA YCTaHOBIIEHUA 1 MOAAEPKKM YCTONUN-
BOW Nla3ePHOI CBA3M U BbICOKOTOYHOW HaBUraLMU C KOCMMYECKMY anmnapaTamm, 0CO6eHHO Ha 60/bLUNX a3umy-
TanbHbIX yrnax (ManblX ropyu3oHTasbHbIX).



TEXHUYECKUE NMPEUMYLLECTBA

Bo3moxKHOCTb pacueta pedpakumy Ana pasnnyHbiX TEOPETUYECKMX U SKCNEePUMEHTaNbHbIX Mofaenein Koad-
duumeHTa npenomneHuna. Mogenb No3BonAET yUNTbIBaTb 3aBUCMMOCTb KO3 dULEeHTa NPeNioMIEHUA OT Temre-
paTypbl, OTANYAIOLLYIOCA OT AaHHbIX CTaHJAPTHOW aTMocdepsbl. [4na 6onbLmx a3umyTanbHbIx yrnos (> 80 rpag.)
HU3KOOPOUTaNbHBIX KOCMUYECKKX annapaToBs (100-120 Km) pacyeTbl pedpakLuum BbiNMOIHEHbI BiepBble. AHao-
rv 3a pybexxom n B Pecny6nvke benapycb oTcyTCTBYIOT.

OXXWUAAEMbI PE3YNIbTAT NPUMEHEHUA

Pa3paboTaHHas Mofenb No3BosisieT bonee TOUHO PacCUNTbIBaTb PACCTOAHUE U MOJIOXKEHMWE CNyTHUKA (neTaTenb-
HOro anmnapara) Ha 60/bLUIVX BbICOTaX U pacCcToAHMsAX. PacueT pedpakLmm NO3BOSAET CKOPPEKTNPOBATb Hanpas-
NeHVe Na3epHOro fyya C yYeTOM ero pedppakLMOHHOTO OTKIOHEHUS ANA YCTAaHOBNEHWSA 1 NOALEPKKN YCTOMYN-
BOTO J1a3epHOTO KaHana CBA3N.

TEKYLLWAA CTAONA PA3BUTUA
BbinonHeHa Hay4HO-M1CCNeoBaTeNIbCKaA UM OMbITHO-KOHCTPYKTOPCKasA (TeXHoNnornyeckas) pabota.

CBEAEHUA O MPABOBOW OXPAHE
OTCyTCTBYIOT.

MNOTEHUWAJIbHbIE NOTPEBUTENN U/ SAUHTEPECOBAHHbBIE B PASPABOTKE

Pa3pa60le|KM Nna3epHbIX CUCTeM KOCMMYECKOW CBA3U ” HaBuUraynm, cnctem na3epH0|7| CBA3MN B aTMOc¢epe
Ha 60MbLUMX BbICOTAX U pPacCcToAHNAX.

KOHTAKTHbIE AAHHbIE

Mpokonosuy Mropb MeTpoBuy, KaHaUAAT GM3NKO-MaTEMATUYECKUX HAYK, [OLEHT.
Ten.: (+375 29) 750 88 28
E-mail: iprd@mail.ru




OBECMEYEHWE BE3OMACHOCT: TEXHONOTUW, 060PY1I0BAHUE, CNELLNAJIbHBIE CPE[ACTBA

VI. YYPE)XXAEHUE OBPA3OBAHUS
«BEAOPYCCKUN TOCYAAPCTBEHHbBIU
TEXHOAOTUYECKUIA YHUBEPCUTETY

9. NIOMUHECLIUPYIOLLIUE MATEPUAJIbI

OMUCAHUE PASPABOTKU

JliomrHecumpyioLre maTepuranbl B BUAE CTEKNa, CTEKTOKEPAMUKM Y KePaMUKKN HaXoA4AT NPUMeEHeHe B Kaye-
CTBE MHOTOLIBETHbIX TIIOMUHOGOPOB, NPV CO3AaHNM aKTUBHbIX Cpef AJ1A a3ePHON TEXHWNKIK, MPU CO34aHUN 1 NPO-
N3BOACTBE TOYEYHbIX NCTOYHUKOB OCBELLEHNA Ha OCHOBE CTEKIOKEPaMMKM 1 CUHKX MOAYNPOBOAHNKOBbIX J1a-
3epOB, BbICTYNAIOLLMX B KAYECTBE anbTepHaTVBbI CYLLECTBYIOLMM CBETOAMOAHBIM COOPKaM, B KauecTBe BTOPUY-
HbIX UICTOYHVKOB M3NTyUYeHNsA B OCBETUTENIbHbIX YCTPONCTBAX 1 CUCTEMax oTobpaxkeHna nHpopmaumm. Ncnonb-
30BaHMe pasnnyHbIX MaTpuL, 1 KOMOMHALMIA MOHOB-aKTUBaTOPOB obecrneunBaeT 3¢pPpeKTrBHOE NpeobpasoBa-
Hue YO- n NK-nsnyyeHna B BUAMMbIN CBET.

TEXHUYECKUE NPEMMYLLEECTBA

CoBpeMeHHas TEXHOMNOMA NoTyYeHNUsA TIOMUHECLMPYIOLLUX MATEPUATIOB B BUAE CTEKIIA, CTEKIIOKEPAMUKI U Ke-
paMuKu.

B0O3MOXXHOCTb MosyyeHrA 06pasLoB CIIOXKHOW KOHUIypaLuy, B TOM YMcsie B BUAE CTEKIIOBOSIOKHa.

S dekTnBHO NpeobpasyeT VIK-n3nyyeHvie B BUAMMbIV AaNa3oH C TPebyeMbiMU LIBETOBbIMU XapaKTePUCTUKAMU.
SdbdekTnBHO Npeobpasyet YD-r3nyyeHne B BUAUMBIN [AMNA30H.

Bblcokas ¢oTo- 1 TEPMOCTaBUNBHOCTD B KOHCTPYKLIMN CBETOAMOAHbIX JIAMI.

C.LE. diagram




OXUAAEMbI PE3YJIBTAT MPUMEHEHUA

B HacTosLee Bpems CyLLecTBYeT 60SbLIOE KOTMYECTBO IIOMUHECLIEHTHBIX MaTepUanos, KOTOPbIE LUMPOKO WC-
MoNb3YIOTCA B PAAE NPaKTUUYECKUX NMPUNOXKEHUI, TAKMX KaK (ri3viKa BbICOKMX SHEPrui, agepHas ¢prsrka, Meau-
LMHa, HauMoHasbHasA 6e30MacHOCTb, Pa3BeKa, OCBELLEHNE, CENIbCKOE XO3ANCTBO U T. 4, UTO eflaeT ux pa3paboT-
Ky 1 CCNIeAoBaHMe akTyanbHbIMI U BaXKHbIMU. BHeApeH e cOCTaBOB MOMUHECLMPYIOLLMX MAaTEPHANIOB Ha Aeii-
CTBYIOLLEM TEXHONIOrMYECKOM 060PYAOBaHUN NPW YCIOBUN KOPPEKTUPOBKY NMPOU3BOACTBEHHbIX MAPaMeTPOB
MPUrOTOBMIEHNA 1 NPYMEHEHNS 06ECMEUNT MMNOPTO3aMELLEHNE, @ TAKXKE PA3BUTHE HOBbIX TEXHONOTUIA, MOBbI-
CUT KQUeCTBO XKM3HW 1 YIYYLIAT CBETOANOAHOE OCBELUEHNE.

TEKYLWAA CTAOUA PA3SBUTUA
BbinonHeHa HayYHO-TeXHMYeCKan UK OMbITHO-KOHCTPYKTOpCKan paboTa.

CBEZIEHUA O MPABOBOW OXPAHE
MnaHypyeTca naTeHTOBaHNe.

NOTEHUWAJIbHbIE MOTPEBUTENU U/ 3BAUHTEPECOBAHHDIE B PA3PABOTKE
OAO «3aBog “OnTtunK"», OAO «bpecTCKMin SNeKTPONaMMNOBbIN 3aBOAY.

KOHTAKTHbIE AAHHbIE

TpycoBa EkaTepuHa EBreHbeBHa, AOLEHT Kadefpbl TEXHONOTMM CTEKIIA, KEPAMUKM U BSXKYLLMX MaTepPUanos,
KaHAMAAT TEXHUYECKUX HAYK, OLIEHT.

Ten.: (+37529) 767 43 37

E-mail: trusova@belstu.by




VIl. BEAOPYCCKWUA HALLUOHAADBHbBIN
TEXHUYECKUN YHUBEPCUTET

10. INEKTPOHHbIA BUPTYAJIbHbIA TPEHAXKEP TAMEJIOTO
MEXAHU3WPOBAHHOI0 MOCTA TMM-3

OMUCAHUE PA3PABOTKU

DNeKTPOHHbIN BUPTYasbHbIN CUMYNATOP NpefHa3HauvyeH ANA N3yuyeHna KOHCTPYKLUN TAXKENI0ro MexaH13npo-
BAHHOMO MOCTa W OTPAbOTKM AENCTBUIA HOMEPOB PACYETOB NP HaBeAeHNY MOCTOBOV Nepenpasbl.

TEXHUYECKUE NPEMMYLLECTBA
AHanoroB HeT.

OXUAAEMbIA PE3YNbTAT MPUMEHEHUA

Ncnonb3oBaHune CMYJIATOPA NO3BOJIUT MOJTYYNUTb TeOPETUYHECKME 3HAHUA O KOHCTPYKL NN TMM-3, nonyynTb
HaBbIK/ 1 YMEHWNA B €ro 3Kcnyataynn, TeM CaMbiM NOBbICUTb Ka4yeCTBO 06pa3OBaTeanoro npouecca.

TEKYLLAA CTAQUA PA3BUTUA

BHenpeH B 06pa3oBaTenbHbIf NPOLIECC B yupexaeHusax obpasoBaHus Pecny6nvkn benapycb n Poccuickoi
Depepaymn.

CBEJEHWA O MPABOBOW OXPAHE

3apeructpupoBaH B [ocyaapcTBEHHOM PErncTpe MHPOPMaLMOHHbIX pecypcoB oT 18.09.2017 N2 1201712969.

NOTEHUWANbHbIE NMOTPEBUTEJIN N/WTA SBAUHTEPECOBAHHDIE B PA3SPABOTKE
Bbicluve BoeHHble yyebHble 3aBefeHNA.

KOHTAKTHbIE JAHHbIE

Mwuporos OmuTpuit Hrkonaesuy, foueHT Kadeapbl «BoeHHO-MHXeHepHasn NOAroToBKay, KaHAuAaT
TEXHUYECKNX HayK, fOLEHT.
E-mail: vtf@bntu.by




11. INEKTPOHHbIN BUPTYAJIbHbIA TPEHAXKEP YCTAHOBKM
ANnAa CTPOUTENbCTBA MOCTA YCM-2

ONMUCAHUE PA3SPABOTKA

SNEKTPOHHDIN BUPTYaNbHbIA CUMYNATOP NpefHa3HauYeH s UyYeHns KOHCTPYKLMW YCTaHOBKU AJif CTPOW-
TEeNbCTBa HV3KOBOAHbIX AE€PEBAHHBIX MOCTOB Ha »ECTKMX OMopax MU oTpaboTKM AeliCTBMA HOMEPOB pacyeToB
npw ero CTPOUTENbCTBE.

TEXHUYECKUE NPEMMYLLECTBA
AHanoroB HeT.

OXXWUAAEMbI PE3YNIbTAT NPUMEHEHUA

Wcnonb3oBaHune CMYNATOPaA NO3BOJIUT U3YUUTb KOHCTPYKUUIO YCM-2, NOoNy4YnTb HaBblKN N YMEHWA B €ro 3KC-
nnyatauumn, TemM CaMbiM NOBbICKTb Ka4yeCTBO o6pasoBaTeanoro npoduecca.

TEKYLAA CTAQRUA PA3BUTUA

BHenpeH B 06pa3oBaTenibHbIN NPOLLECC B yupexaeHnax obpa3oaHus Pecnybnukn benapycb n Poccuiickoi
DOepepauunm.

CBEAEHNA O NPABOBOW OXPAHE
3aperncTpurpoBaH B [ocyaapCcTBEHHOM pernctpe nHhopmMaLmoHHbIX pecypcos oT 18.09.2017 N2 1201712970.

NOTEHUWANbHbBIE NOTPEBUTEJTA U/WITN 3AUHTEPECOBAHHDIE B PA3SPABOTKE
Bbicluve BoeHHble yyebHble 3aBefeHUA.

KOHTAKTHbIE AJAHHbIE

MupoHos ImuTpunin Hukonaesud, foueHT Kadeapbl «BoeHHO-HKeHepHas NOAroToBKa», KaHanaat
TEXHNYECKMX HayK, JOLEHT.
E-mail: vtf@bntu.by

12. NPUMEHEHUE MJIASMEHHbBIX W IA3EPHBIX TEXHOJIOT U
NP NPOU3BOACTBE U PEMOHTE BOOPYXEHUSA U BOEHHON TEXHWKN

ONMUCAHUE PA3PABOTKA

Pa3pa60TaHb| TEXHONOIrnM Co3gaHnmaA d)yH KUMOHAJIbHO-TPaANEHTHbIX ﬂOKprTI/IVI C Tp86yEMbIM XapaKTepom ns-
MEHEeHUA CBOWCTB Mo rny6v|He KOM6I/IHI/IpOBaHHbIM MEeTO4OM ra3oTepMmnyeCckoro HanbiieHnAa n na3epH0|7| o6pa—




OBECIEYEHME BE3OMACHOCTU: TEXHONIOT UMK, 0

60TKM, 0becneunBaloLLme NoyYeHne KaueCTBEHHOIO CNoA AN CJIOKHOMPO-
buUnbHBIX KpynHOrabapuTHbIx AeTanei. NprmMeHeHre pa3paboTaHHbIX TEXHO-
NoruiA MO3BOIUT NOBbLICUTb U3HOCOCTOMKOCTb, 06eCneunTb Tpebyemyio fos-
roBeYHOCTb, COKPATUTb MaTepuasibHble 3aTpaTbl Ha 3aKyMKy HOBbIX AeTaseil.
Lienecoo6pasHo nprmeHeHne JaHHOTO NOAXOAA B TeX Clyyasix, Korga BoccTa-
HOBMNEHME TPAZNLMOHHBIMN METOAAMMN HEBO3MOXHO, UTO CNOCOBCTBYET MNo-
BbILUEHWIO PEMOHTOMpPUrogHoCTW. LUnpokoe BHeapeHvie MeTofoB GopMupo-
BaHUA MOKPbITUA NO3BONINT NOBbLICUTb TAFOBYIO M HArPY30UHYHO CMOCOOHOCTb
CyLLecTBYIOLWMX 06Pa3LL0B BOEHHOW TEXHMKM Ha 3Tare ee MOAepHM3aL N,

Pa3paboTaHa TexHONoOrMA co3gaHmna rmépuaHbIX MHOTOC/ONHbBIX MaTepu-
anoB, CTOMKMX K YAapHbIM BO3eNCTBMAM, NpegHa3HauYeHHbIX AnA co3haHuA
6POHVPOBAHHbBIX 0OEKTOB PA3/IMYHOIO Ha3HAYEHUA: CPelCTB MHAVBULYaIb-
HOW 3aWWuTbl (BPOHEXUIETOB), aBTOMOOUNEN (NPeACcTaBUTENbCKUX, CITY»O0 UH-
KaccaLmm 1 0XpaHbl), BOEHHOW TEXHUKI (BpoHeKopnyca 13fenmnin 6poHeTaHKo-
BOW TeXHWKM). [MOpuaHble MHOrOC/IONHbIE MaTepranbl 06ecneynBaloT BbiCO-
Kyt0 6pOHEeCTONKOCTb 3a CYeT rapaHTMPOBAHHOIO Pa3pyLUEHUsA TOJIbKO OfHO-
ro 6POHEBOrO 351IeMeHTa 13 BCero 6510Ka.

TEXHUYECKUE NMPEMMYLLECTBA

HayuHo-TexHnYeckunin ypoBeHb pa3paboTOK COOTBETCTBYET YPOBHIO pa3pabotok ctpaH CHI. Otpacneas
Hay4HO-nccnepoBaTenbckasa nabopaTtopura MnasmMeHHbIX U a3epHbIX TEXHONOMMIA pacrnonaraeT 6a3ol pesynb-
TaTOB UHTENNIEKTYaNIbHOWN AeATeNIbHOCTM B 006/1acTyi MPOLECCOB YNPOUYHEHNA U3AeNnii pasnnyHoro ¢yHKLmMo-
HaNbHOro Ha3HaYeHUA C NPYMEHEHNeM Nla3epPHbIX, ra30TEPMUYECKMX 1 KOMOUHMPOBaHHbIX TeXHonorui. B pa-
Hee NPoBefeHHbIX NCCIef0BaHNAX BbIMOMIHEH aHaN3 MPUMeHAeMbIX CocoboB 1 MaTepuanos ANA CO3AaHWA
byHKUMOHaNbHO-TPaANEHTHbIX MaTepuranos ¢ TpebyeMbiMy SKCrTyaTalMOHHbIMM CBOMCTBAMU AN1A Pa3NYHbIX
oTpacsieli NpomblwneHHocTH Pecnybnukn benapych. HakonneHHble kKoMneTeHLMM NO3BONAOT YCMELHO HaXo-
AVTb peLleHnaA CIIOXKHbIX TEXHONOMMYeCKMX 3aay, B TOM YMCIe CBA3AaHHbIX C MMMOPTO3aMeLleHreM.

OWOAEMbIV PE3YJIbTAT NPUMEHEHUA

TexHonorumn cospaHna GyHKLMOHAIbHO-TPAAVNEHTHBIX MOKPLITUI U TMOPUAHBIX MHOTOC/IOMHbBIX MaTepPUAnoB
MOTYT 6bITb MCMONb30BaHbl NPV NPOBeAEHUN PaboT B PEMOHTHbIX MOAPA3AENeHNAX U OpraHM3aumax ana Boc-
CTaHOBNEHUA PaboToCNOCOOHOCTY NOBPEXKAEHHbBIX MEXaHN3MOB M MaLUWH. Micnonb3oBaHue TeXHONOMMIA co3fa-
HUA JaHHbIX MOKPLITUI Ha NPeANPUATUAX NO NU3rOTOBJIEHNIO BOOPYXKEHUA 11 BOEHHOW TeXHUKM 6yfeT cnocob-
CTBOBaTb MOBbILIEHNIO HAAEXHOCTM 11 KOHKYPEHTOCMOCOOHOCTY OTEYECTBEHHON NPOAYKLNN.

TEKYLWAA CTAANA PA3BUTUA

BbinonHeHa HayuyHO-MCCnefoBaTeNbCKAA UM OMBITHO-KOHCTPYKTOPCKasA (TEXxHonormyeckas) pabota; BbinyLyeH
OMbITHbIN 06pa3eL.

CBEJEHU/A O MPABOBOW OXPAHE

MaTteHT N2 6599 Pecny6nukun benapycb «Cnocob nonyyeHus NOKPbITA U3 NOPOLLIKOB camodoCyoLLmxca cnia-
BOB Ha CTanbHbIX M3fenusax», nateHT N2 23656 Pecnybnuku benapycb «Cnocob popmrpoBaHna MynbTMMOLanb-
HOrO NMOKPbITUA Ha MOBEPXHOCTY METallNINYECKOW AeTanm».

NOTEHUMAJNbHbIE NOTPEBUTEJTIN U/WNIN 3BAUHTEPECOBAHHDIE B PA3SPABOTKE
Pe3ynbraT MoxeT 6bITb MCNONb30BaH B MHTepecax MuHMCTepCTBa NpoMbiluneHHOCTH, MnHucTepcTBa 060po-

Hbl N Focyp,apCTBeHHoro BOEHHO-MPOMDbILWIEHHOIO KOMUTETA NPUN MOAEPHU3aUNN N CO3AaHNN HOBbIX O6pa3L|,OB
BOEHHOW TEXHUKN.

KOHTAKTHbIE AAHHbIE

[JesowHo Oner leopruesuny, 3aBeayioLLnii OTPacIeBO HayYHO-UCCNefoBaTeNbCKON nabopaTopueri
MNnasmMeHHbIX 1 NIa3ePHbIX TEXHONOMMI, JOKTOP TEXHUYECKMX HayK, Npodeccop.

Ten.: (+37517) 357 30 58

E-mail: plazteh@bntu.by




VIIl. YYPEXXAEHUE OBPA3OBAHMUA
«BEAOPYCCKUWN TOCYAAPCTBEHHbIW YHUBEPCUTET
UHPOPMATUKU U PAAUOISAEKTPOHUKUN

13. YTNECOAEPMALLNE NOTNOTUTENU SNEKTPOMATHUTHOTO U3NTYYEHUA
CBY-AWANA30HA ANA bE33X0BbIX KAMEP

OMUCAHUE PASPABOTKIU

O6nacTtb nprmMeHeHusA: CBY-cuctembl.

Ha3HaueHwue: oTaenka CTeH 1 NOTONKOB 6e33X0BbIX KaMep.

HoBu3Ha 1 oTAnYmMe OT aHaNoroB: B CTPYKTYPY BKIIKOUEHbI pa-
avonpo3payHble GopMmbl, 6narofapa KOTOPbIM 3TU NOMIOTUTE-
NN XapaKTepunsyoTca 6osiee BbICOKOWN MPOYHOCTbLIO MO CpaBHe-
HWIO C aHanoramu.

TEXHUYECKUE NPEMMYLLUECTBA

MNoBbllEeHHaA NPOYHOCTb.

MOHMXXeHHaA CTOUMOCTb.
MoHWKeHHasA Macca Ha eJMHMLY NoWaaun.

OXXWUAAEMbI PE3YNIbTAT NPUMEHEHUA

MoBblWweHne ToUHOCTK NpoBeaeHns CBY-nsmepeHnii, obecrneyeHmne aneKTPoMarHMTHOM COBMECTUMOCTH pa-
LMNO3NEKTPOHHBIX YCTPONCTB.

TEKYLWAA CTAAQNA PA3BUTUA
Pa3paboTtka BHegpeHa B MPOU3BOACTBO.

CBELEHNA O NPABOBOW OXPAHE

MonyueHbl aBa EBpa3uinckmx nateHTa Ha nsobpeteHuna (N 047036, 048065) 1 nateHT Pecnybnuku benapycb
Ha n3obpeteHune N2 24505.

MNOTEHUWANbHDbIE MOTPEBUTEJIN /TN SAUHTEPECOBAHHDIE B PA3PABOTKE
OAO «Kb Pagap» — ynpasnsatowaa komnaHua xonaunHra «Cuctembl pagrnonokauum», OO0 «JenonHT».

KOHTAKTHbIE JAHHbIE

Bbownnpas Onbra BnagumuposHa, 3aBeayowun kadbenpon 3awmutbl nHGopMaLny, KaHANLAAT TEXHUYECKNX
HayK, [OLeHT.

Ten.: (+37529) 57248 53

E-mail: smu@bsuir.by




OBECMEYEHWE BE3OMACHOCTW: TEXHOJIOTUWU, 0bOPYAOBAHUE, CNELIUAJIbHBIE CPE[CTBA

14. METOAUKN NCNBITAHUA PABUOINIEKTPOHHDBIX CUCTEM U CPEACTB
NMEKTPOMATHUTHOWN 3ALLUTDI

OMNMUCAHUE PASPABOTKI

Coepa npumeHeHUs: obecneyeHne yCTONYMBOro GyHKLNOHNPOBAHNA KPUTUUYECKU BaXKHbIX PanO31eKTPOH-
HbIX CPeACTB HAa3eMHbIX OObEKTOB 1 GOPTOBBIX KOMIMIEKCOB.

Ha3sHaueHue: npoBegeHme ncnbliTaHnin TexHnvecknx cpeacts (TC) Ha yCTONUMBOCTb K BO3AENCTBUIO CBEPXKO-
POTKMX 3NeKTPOMArHUTHbIX MMynbcoB (SMW) B cooTBeTcTBUM C TpeboBaHMAMM cTaHAapToB FOCT P 56103-2014,
FOCT P 52863-2007; ucnbiTaHve CpefCTB 3aLKTbl PaM03N1EKTPOHHOrO 060pYA0BaHUA U CUCTEM OT 3/IeKTpoMar-
HUTHOrO BO3ENCTBUA.

TexHnUecKre xapakTepuUCTUKN MOBUNIbHOMO UCMbITaTeNIbHOrO KOMMAEKCa MMMYSbCHbIX 1EeKTPOMarHUTHbIX
nonemn:

- amnanTyAa usnyyaemoro MU B Hauane pabouelt 30Hbl Ha OCK U3TydeHunA: He MeHee 50 KB/m;
— pa3mep 30Hbl 006/1yYeHMsA C HEOOHOPOAHOCTbIO 3 Ab B6NM3K Havana paboyert 30HbI: 1,2%X0,8 m;

- AnuTenbHoCTb PpoHTa n3nyyaemoro SMU mexay yposHamM o1 0,1 Ao 0,9 OT amMnNAMTYAbI Ha OCU U3JTYyUYEeHNS:
170 nc =30 %;

— BUTENbHOCTb M3nyyaemoro MU no yposHio 0,5 ot amnnutygbl: 200 nc + 30 %;
- YacToTa NOBTOPEHUA MMMYbCOB: perynupyemas HenpepbisHo, ot 100 Ny go 1000 My,

— ANUTENbHOCTb CEPUN MMMYNbCOB: perynupyemas guckpetHo: 0,1; 0,2; 0,5; 1,0 ¢ = 10 %, HenpepbIBHbIN pe-
UM (He 6onee 5 MUH).

TexHUUYEeCKrEe XapaKTePUCTUKN N3MEPUTENTbHOTO KOMMJIeKca AnsA onpeaeneHus 3¢peKTMBHOCTA SKpaHNpPOBa-
HUA 3aLUTHbBIX PeLIeHNIA:

— rabapuTbl yHMBEPCANbHOWN SKPAaHMPOBAHHOW U3MepuTeNbHOM KaburHbl: 0,7X0,7%X1,1 m;

— MaKC/MarbHbIN pa3Mep obpasLa IMCTOBOro Matepuasna npu namepeHnm 3pPpeKTMBHOCTU SKPaHNPOBAHNS:
200%x300 mm;

- M0J10Ca YacToT AnA n3mepeHunsa 3GPeKTUBHOCTI SKPaHNPOBaHNA 3aLlUTHbIX pelleHnii: oT 300 My go 20 IMu;
— AVHAMWYeCKNIA Anana3oH M3MepuTeibHOM YCTaHOBKM: 75 ab.

M3mepuTenbHblit KOMMEKC C UCNOMNb30BaHUEM
YHUBepcarnbHOW 3KpaHUPOBaHHOM KaOUHbI

MoGunbHbIN
McnbiTaTenbHbIN
Komnnekc
MMnynbCcHbIX
OneKTPOMarHUTHbIX
Monewn (MK N3MM)

Teneparop

Aurenuo- Emmmm—_

nan duiepnoe

'HH $0-1000 yerpoiicrso -
('HI1 5-1000) '3

Komnneke npegHasHa4eH ans reHepaunn CBepPXKOpPOTKUX
BNEeKTPOMArHUTHBIX UMNYNbCOB CO CNegyrWnMK 3HaYeHUSMK NapamMeTpoB:

- ANUTENBbHOCTD UMNYNbCa: 250 nc = 30 %
- AnuTeNnbHOCTS hpoHTa nMnyneca: 140 nc = 30 %
- aMNAUTYaa MMNYNbCOoB: a0 50 kB/m

- yacToTa cnegosaHua umnynbcoe: ot 0.1 ao 10 ¥y

TEXHAYECKUE NMPEMMYLLECTBA

Komnnekc pa60T Mo aHannsy, 3KcnepmmeHTaan0|7| oueHKe n obecrneyeHno 3alnTbl PaANOINEKTPOHHDbIX
cpeacTs, cnuctem n 0ObeKTOB Pa3nNMYHOro HasHa4yeHnA K Bo3gencTemo SMU BknoyaeT B cebs:

- MeTofosiormyeckoe obecneyeHrie npouecca ncnbitaHuin TC Ha yCTOMUMBOCTb K Bo3gencteuio SMU: paspa-
6OTKy nnaHa I/ICI'IbITaHI/IVI, NoAroToBKY NUCMbITaTe/IbHOIO KOMMJ1eKca C yyeToMm Tina u 0CobeHHoCTeN NCNbITYyEMbIX



TC, HayYHO-MeToAMYECKOE CONMPOBOXKAEHWE PaboT (NpoBeAeHMe PacyeToB, pa3paboTKy MaTeMaTUUYECKIX Moge-
nei nccnefyembix NPOLECCOB U T. MN.);

- NpoBefeHVe UCMbITAHUIA B COOTBETCTBUN C MONOMXKEHVAMMN [ENCTBYIOWMX CTAHAAPTOB 1 TPe6OBaHUAMN 3a-
KasuuKa, B TOM UKC/Ie Ha TEPPUTOPIM 3aKa3uliKa;

- NoNHOEe MHPOPMaLMOHHOE 1 JOKYMEHTaLMOHHOE 0becrneyeHmne NpoLecca UCMbITaHWUiA: OpraHy3auuio 1 npe-
JOOCTaBJIeHME Pe3yNibTaToB 06 bEKTUBHOIO KOHTPOJIA NpoLiecca NCMbITaHU (Bueo3anvcein, gnarpamm, dannos
JaHHbIX U T. A.); odopMneHne pe3ynbTaToB UCMbITAHU B BUAE HAYYHO-TEXHNUECKX OTYETOB, NPOTOKOMOB UCTbI-
TaHWIA, SKCMEPTHbIX 3aKYEHUI U T. N.;

— aHanm3 pe3ynbTaToB NCMbITaHWIA, B YaCTHOCTM OnpefeneHune y3noB 1 31eMEeHTOB MUCnbITyeMblx TC, uyBCTBU-
TenbHbIX K Bo3aenctaumio MU, a TakKe pa3paboTka Mep 1 pekoMeHZaumin no 3awmte TC OT 371eKTPOMarHUTHbIX
BO3JENCTBUN.

OXUOAEMbI PE3YJIBTAT MPUMEHEHUA

Ob6ecneueHune 6e30nacHOCTY GYHKLNOHNPOBAHNA KPUTUUYECKN BaXKHbIX PaiM03NIEKTPOHHbIX CPeACTB, BXOAA-
LMX B COCTaB aBTOMATU3MPOBAHHbIX CUCTEM YNpaBieHUs 06bekTamy TOMIMBHO-OHEPreTMYeCKOro KoMrekca
(B YaCTHOCTU SNEKTPOCTAHUUSAMM) U ABUXKEHVEM TPaHCMOPTA (ABTOMOOWIIbHOTO, XKeJIe3HOA0POXKHOI0, aBraLu-
OHHOFO U T. Ai.) B CJIOXKHOW 3NeKTPOMArHUTHON ob6cTaHoBKe. ObecneyeHne BHYTPUCUCTEMHOW U MEXCUCTEMHOW
3N1eKTPOMArHUTHOWM COBMECTMMOCTM PafMO3/IEKTPOHHBIX CPeACTB.

TEKYLWAA CTAAUA PA3BUTUA
BbinonHeHa Hay4yHo-MCCneoBaTeNIbCKas UM OMbITHO-KOHCTPYKTOPCKas (TexHoMormyeckas) pabota.

CBEAEHNA O NPABOBOW OXPAHE
He Tpebyer.

MNOTEHUWAJIbHbIE NOTPEBUTENN U/ SAUHTEPECOBAHHbBIE B PASPABOTKE

B Pecny6nuke Benapycb: YO «benopycckuii rocygapcTBeHHbI YHUBEPCUTET MHPOPMATUKN U PaSrO3NIEKTPO-
HUKW», HAY «MHCTUTYT nprKknagHbix ¢unsmnueckux npobnem nmenn A. H. CesueHko» BI'Y, HMYIM «HayuHo-TexHW®-
yeckumm ueHTp “JISMT” BenOMO», OAO «ATAT — cucTembl ynpaBneHusa» — YNpaBAAoLwan KOMNaHnA XonanHra
«feonHbOpPMaLMOHHbIE CUCTEMbI YNIPaBAEHUA».

3a pybexom: CeBEpOKMTaNCKNI HayYHO-UCCIE[0BATENbCKMIA MHCTUTYT SneKTpomarHuTHol 3awutsl (NEPRI).

KOHTAKTHbIE JAHHbIE

Moppgaues Bnagumunp MiBaHoBWMY, 3aBeAyOLLMNIA HAYUHO-UCCe0BaTeNbCKON nabopaTopuiel
Hay4Ho-nccnepoBaTenbckon yacT bBHTY, KaHanAaT TeXHMYECKNX HayK, AOLIEHT.

Ten.: (+37517) 293 84 38

E-mail: emc@bsuir.by, mordachev@bsuir.by




OBECMEYEHWE BE3OMACHOCTW: TEXHOJIOTUWU, 0bOPYAOBAHUE, CNELIUAJIbHBIE CPE[CTBA

IX. YHPEXXAEHUE OBPA3OBAHUA
«rPOAHEHCKUU TOCYAAPCTBEHHbIU YHUBEPCUTET
UMEHU AHKU KYNAAbI»

15. LUOPOBbIE ABONHUKMN OB6PA3LI0B BOOPYXEHUA

OMNMUCAHUE PASPABOTKI

Pa3paboTaHHble L poBble JBONHUKM 06Pa3LI0B BOOPYKEHNSA UCMONb3YIOTCA B yue6HOM npoLiecce npu yte-
HUM NeKUWIA, NpoBeAeHUN NabopaTOPHbIX 1 FPYMNOBbIX 3aHATUI AN 06yUYeHWA KYPCaHTOB 1 CTYAEHTOB MpU pa-
60Te co crneymanbHbIMY CpeACcTBaMU Ha3eMHON Pa3BelKu B KauecTse LidpoBbiX 00yyaloLwmnx MaTepuanos as
crneumnanbHoCTen «6oeBoe NPYMeEHeHe Ha3eMHbIX NMOAPA3feNeHUNi BOMCKOBOM pa3BeKuny», <KOMaHAMP oTaerne-
HUA (TaKTUYeCKOM pa3BenKu)». MpeaocTaBneHbl BO3MOXHOCTY U3YyUYeHKs 0COBEHHOCTEN YCTpolicTBa Npubopos,
NPUHLMMNOB PaboTbl, opsagKa paboTbl c NpMbopom B yio6HOM A BOCNPUATUSA 1 focToBepHOM dopme. DoTope-
anucTnyHan 3D-Bu3yanusaums 1 CUMyALMA NO3BONAIOT IMYIMPOBATL PeasbHY0 paboTy 06pasLi0B BOOPYKEHUS.

TEXHUYECKUE NMPEMMYLLECTBA

®oTo-, BUAEOPEANNCTUYHOCTD, CTOMPOLIEHTHAA CUMYIALMA PaboTbl peasibHbiX 06Pa3L 0B BOOPYKEHWS, UC-
Nosib30BaHMe Npu pa3paboTke NPYHUMNMANBHO HOBbIX METOAOB 1 MEXaHU3MOB pa3paboTku 3D-mopfeneii B Bbl-
COKOM KauecTBe 1 MPOorpamMmmMHON peanmnsaumm MexaHukm paboTbl npubopa cpegcteamu ninatdopm Unity, Unrial.

OXWUAAEMbI PE3YJIBTAT MPUMEHEHUA

MoBbiweHne 3GpHEKTVBHOCTU MOAFOTOBKMN 0GULIEPOB B paMKax AUCLMMIIMH TAKTUYECKON 1 CrelnasibHOM nog-
FOTOBKM, CHUXKEHME 3aTpaT Ha NpuobpeTeHmne, XpaHeHNe 1 0BCNYKMBaHUE pearnbHbIX BOEHHbIX NprbOPOoB; BO3-
MOXHOCTb 00yUeHUs B N06OM MecTe 1 B Nlo60e BpeMs C MCMOSb30BaHNEM COBPEMEHHbIX LIMbPOBbIX YCTPONCTB;
roTOBble KOMMbIOTEPHbIE MPOrPaMMbl ANt BHEAPEHUA B YUEOHbIN NPOLECC YUPEXAEHWNIA-3aKa3UMKOB.

TEKYLWAA CTAANA PA3BUTUA

PaspaboTka BHefpeHa B yuyebHbIl npoLecc 061eBONCKOBON Kadeapbl BoeHHOro dakynbreTa YO «[pofHeH-
CKUI roCyapCTBEHHBIN YHUBEPCUTET UMeHU AHKM Kynanbi» ana obyyeHnsa CTyAeHTOB BOEHHOTO daKyrbTeTa crie-
UmnanbHocTen «6oeBoe NPUMEHEHVE Ha3eMHbIX NOAPA3AeNeH NI BOMCKOBOW Pa3BedKN», <KKOMAaHANP OTAENEHUS
(TakTMUecKou pa3BeaKkn)» NPy N3yYeHU QUCLUMIIMH CrielnanbHON NOArOTOBKMY.

CBEJEHNA O MPABOBOW OXPAHE
OTcyTCTBYIOT.



OBECIMEYEHWUE BE3OMACHOCTW: TEXHONOTMK, 0bOPYI0BAHUE, CMELINANIbHBIE CPE[ICTBA

NMOTEHLUWAJIbHbBIE NOTPEBUTENN U/UNN BAUMHTEPECOBAHHbDIE B PA3BPABOTKE
BoeHHble paKynbTeTbl yupexaeHuii obpasoBaHus Pecnybnukn benapycb n Poccuiickon Qegepavmn.

KOHTAKTHbIE AAHHbIE

CemeHuyk HaTtanbA BnagnmnpoBHa, goueHT Kadeapbl GyHAaMeHTaIbHOM 1 MPUKNaAHOM MaTeMaTUKK
daKynbTeTa MaTeMaTUKKM 1 MHGOPMATUKK, KaHANAAT GU3NKO-MaTeMATUYECKMX HaYK.

Ten.: (+375 29) 786 69 44

E-mail: senata155@gmail.com

MoHuny AHppel Hukonaesuny, cTaplumnii npenofasatesb LKia TaKTUYeCKNX AUCLUUMNIVH 0OLLIEBONCKOBOM
kadenpbl BOeHHOro dakynbTeTa.

Ten.: (+37529) 785 08 76

E-mail: Monich_AN@grsu.by

Epmak VBaH BanepbeBuy, npenogaBatenb Kadenpbl COBPEMEHHbIX TEXHONOT I MPOrpaMMUPOBaHUS.
Ten.: (4375 44) 783 89 81
E-mail: Ermak_IV@grsu.by

16. KOMNO3ULIWOHHBIE TEPMOMIACTUYHBIE MATEPUAJbI ANA PACXOAHBIX
NONYOABPUKATOB, UCMOJIb3YEMbIX B FDM-MEYATU NPU AQAUTUBHOM
OOPMOBAHWUU U3AENNIA CNELUANBHOTO HASHAYEHUA

OMNMUCAHUE PA3PABOTKMU

CyTb NpoeKTa COCTOUT B pa3paboTKe COCTaBOB 1 TEXHONOMM M-
nopTo3amMeLlaloLLnX NOIMMEPHbBIX KOMMO3MLMOHHbIX MaTepuanos
[J17 MPOU3BOACTBA PACXOAHbIX MoNyhabprKaToB (GpunameHToB), UC-
Nonb3yembIX Npu agaUTUBHOM GOPMOBaHMMN GYHKLNOHANbHbBIX 13-
[ennii C NOBbILWEHHbIMY MapaMeTpaMm XapakTeprUCTUK METOAOM Mo-
cnoriHoro HannaeneHus (FDM-neyatn). AKTyanbHOCTb NPoeKTa 06-
YCNnoBJieHa OTCYTCTBMEM B HAaCTOsLLee BPeMA OTeUECTBEHHbIX NPO-
MbILUAEHHBIX MPOMN3BOACTB NonydabprKkaTos (MOMMEPHbIX HUTEN
unu GUNameHTOB) Ha OCHOBE TEPMOTMJIACTUYHBIX NMONUMEPOB ANA
3D-npuHTepoB. Co3haHvie MPON3BOACTBa OTeYeCTBEHHbIX Nonyda-
6pVIKaTOB MO3BONNT OGECMEUNTb Pa3BHBAOLMINCA PbIHOK aLAUTHB-
HbIX TEXHONOINI, BXOAALMX B KJIOUEBblE TEXHONIOTMU NOCTUHAY-
CTpYanbHOM SKOHOMUKM. [pefnoMeHbl COCTaBbl Y TEXHONOTMA 13-
roToBneHns GrnameHTOB Ha OCHOBE OTEYECTBEHHOIO CbipbA (Monu-
amupa-6 nporisBoAacTBa dunmrana «3asog XumeonokHo» OAO «fpogHo
A30T»), KOTOpble MOTYT ObITb 1CMONb30BaHbI Anst FDM-nevatu nspe-
NN MALWWMHOCTPOEHUA, aBTOMOOMIECTPOEHMSA, AOPOXKHOFO CTPOU-
TeNbCTBa, CNeLmnanbHOro Ha3HavyeHus (Hanpumep, KOPMycHbIX ane-
MEHTOB 6eCnMNOTHbIX anmnapaToB U TPAHCMOPTHBIX CPEACTB).

TEXHUYECKUE NMPEMMYLLECTBA

MoBbiLeHHble NapameTpbl fedhopPMaLMOHHO-MPOYHOCTHBIX XapaKTepncTUK (B 1,2-1,5 pasa Bbille No cpaBHe-
HWIO C aHanoramu).

Bbonee HM3KMe NapameTpbl CTOMMOCTHbIX XapakTepucTuk (B 1,3-1,5 pa3a AgeLuesne aHanoros).
VimnopTto3ameLlyeHne.



OXWUAAEMbIV PE3YJIBTAT MPUMEHEHUA

MHHOBauUMOHHOEe Npon3BoACTBO GUNAMEHTOB C NOBbILEHHbIMY NapameTpamy SKCMayaTaUMOHHbIX XapaKTe-
PUCTUK NiaHnpyeTca co3aatb B cTpyKType PYI «YHIL “TexHonab"» B cTaTyce HayYHO-TEXHONOMMYECKOro NapKa
npu YO «[pOAHEHCKNI roCyapCTBEHHbIN YHUBEPCUTET MMeHU AHKM Kynanbl» npu coaencTBnm NpOMBbILLIIEHHbIX
npeanpuatun pernoHa — OAO «benstropnonumep», OAO «poaHo A3oT», YT «LiBetnut».

TEKYLWAA CTAONA PASBUTUA
BbinonHeHa Hay4HO-MCCNefoBaTeNIbCKaA MU OMbITHO-KOHCTPYKTOPCKas (TexHonornyeckas) pabora.

CBEEHUA O NPABOBOW OXPAHE

MopaHa 3asiBKa Ha nonyuyeHne nateHTa Pecnybnukn benapycb Ha nsobpeteHme: CoctaB 1 cnocob o6paboT-
K1 nonvmepHbIx dpunameHToB ana 3D-npoTtoTvnupoBaHus: 3asBka BY a 20230253 / B. A. Ctpyk, A. C. AHTOHOB,
M. B. Knouko, A. H. JlecyH, [1. B. HaxsaT, BaHb CioeMuHb, A. B. Byabko. — Ony6n. 24.02.2024.

NOTEHLUWANbHDbIE NOTPEBUTEJIN /WA 3BAUHTEPECOBAHHDIE B PA3PABOTKE

HayuHo-TexHONoOrnueckre Napku, KOHCTPYKTOpPCKre 610po, TEXHNYECKMe OTAesbl, OMbITHble MPOU3BOACTBEH-
Hble Y4YaCTK1 MallMHOCTPOUTENbHbIX NPeANPUATUIA, 06pa3oBaTe/ibHble LiIeHTPbI, LleHTPbl TBOpYeCTBa Mosiofe-
Ku; yupexaeHuna obpasosaHuis, NoapasfeneHnsa BOEHHO-NPOMbILLIEHHOrO Komniekca Pecnybnvku benapyco,
yacTHble noTpebutenu.

CMeXHbI PbIHOK NPOAYKLMUM 1 YCyr MOryT 06pa3oBbiBaTb NPefnpuUATUA XMMUYECKON NPOMbILIIEHHOCTH,

npeanpuATrA No N3roToBNEHUIO n3genumns NONMMEPHbIX MaTePKUaNOB, KOTOPbIE MOTYT BbICTYMaTb TaKXe 1 B Ka-
yecTBe KJIo4YeBbIX MapTHEPOB.

KOHTAKTHbIE JAHHbIE

AHToHOB AnekcaHgp Cepreesuy, JOLEHT Kadeapbl MaTepranoBefeHUs U pecypcocbeperaioLmx
TEXHONOI NI, KaHANAAT TEXHNYECKNX HaYK, OLIEHT.

Ten.: (+375 29) 265 99 36

E-mail: antonov_as@grsu.by

MeH:xuHckmin Masen Bopucoswuy, ctaplunii npenofaBaTesb LKA 06LWeBOEHHbIX AUCLUMINH, aCNNPaHT.

Byabko AnekcaHppa BanepbeBHa, ctygeHTKa IV Kypca nHxeHepHoro dakynbreTa.

CraHucnaBoBuy EkatepriHa AnekcaHpoBHa, cTyAeHTKa IV Kypca nHKeHepHOro pakynbTeTa.




OBECMEYEHWE BE3OMACHOCTW: TEXHOJIOT U, 06OPYAOBAHUE, CMELINAJIbHBIE CPEACTBA

X. MEXXTOCYAAPCTBEHHOE OBPA3OBATEABHOE
YYPE)XXAEHUE BbICLUErO OBPA3OBAHUS
«BEAOPYCCKO-POCCUUCKUN YHUBEPCUTET

17. METO, BANJIbHO-OAKTOPHOI OLLEHKU YACTOTbI PEAJTU3ALIUH
WHULIUUPYIOLLUX MOMAPOOMACHDBIE CUTYALIUM COBbITUN AN PESEPBYAPOB
CKUMEHHLIXYTNEBOAOPOAHBIX TA30B HA ABTOTA303ANPABOYHbBIX
CTAHLUAX

OMNMUCAHUE PA3PABOTKHN

Pa3paboTaHHbIN MeTOA NpefcTaBiaeT cobol nepeyeHb GakTopOB, OKa3blBaIOLLMX BIVSAHUE HAa YPOBEHb PUCKA
aBapUin 1 NOXapOB Ha aBTOMOOW/bHbIX ra3o3anpaBoyHbIX cTaHUMAX (AF3C) c Haa3eMHbIM 1 TOA3EMHbIM Pacmo-
NOXEHMEM pe3epBYyapOB CO CKMKEHHBIM YrNeBOAOPOAHbIM razoM (CYT); ycTaHOBNEHHble NpaBwuia pacyeTta 6an-
noB AnA Kaxxaoro GakTopa, yunTbiBatoLme ocobeHHOCTY SKCnnyaTaummn obopyaosaHmsa AI3C, a TakxKe VHbIX Tex-
HUYECKUX, TEXHONOMMYECKNX, OPraHN3aLMOHHbIX MEPONPUATUI 1 BO3AENCTBIMA BHELIHEN cpeabl.

MeTog npeaHa3HauyeH A/s OLEHKM YacTOTbl MHULUMPYIOLLUX MOXKapOoOonacHble CUTYaLum COObITUIA AN Haa3eMm-
HbIX 1 Nof3eMHbIx pe3epByapoB CYI Ha Al'3C, pe3ynbTaTbl KOTOPOW NO3BONAIOT:

— BbISIBUTb Hanbonee 3HauMMmble MO BIMSHUIO Ha BEPOATHOCTb BO3HUKHOBEHMS MOXapOoOonacHoN CchTyaumm
dakTopbl;

— NPeanoXuTb cneLunanbHble KOMMeHCKpPYoLLe MeponpuATUA AN1A NOBbILEHNA YPOBHA 6e30MacHOoN sKcnny-
aTauum pesepyapos CYI 1 CyLLLeCTBEHHOIO CHMXXEHNA NOXapHOro pucka Ha Al3C.

CyujecTsytowmit Noaxo4 Npepnaraemblii noaxoa

Aepeso
oTkazos
v
\

[lepeso
cobbiTuit

Cucrema
dakTopos

~ TUnoBble YacToThl
pasrepmeTusauuit

bannbHo-pakTopHan
byHKUMA

Yacrota
pasrepmeTusauum

[epeso
cobbITuit

TEXHUYECKUE MPEUMYLLECTBA

Ha ocHoBe 13y4eHusi NonoXeHnii TpeboBaHWI MPOMbILLIIEHHOM, MOXapPHOI 6e30MacHOCTY, 3aKOHOAATENbCTBA
0 FPAafOCTPOUTENBHOW JEATENBHOCTU, @ TaKXKe OMpoca CreLmanmncToB pa3paboTaH METOA OLEHKU MOXAPHOro
pucKa, NPUMEHeHNe KOTOPOro NO3BOJAET:

— YUNTbIBaTb MHOXECTBO TEXHUYECKUX, TEXHOIOTMYECKUX, OPraHU3aLMOHHbIX GaKTOpPOB 1 GpaKTOPOB BHeLU-
Hen cpepabl;



— KOPPeKTNPOBaTb YacTOTYy BO3HWKHOBEHMWSA NHULUUPYIOLNX NMOXapOoonacHble CMTyauumn cobbITuin C yue-
TOM 0COOEHHOCTEN SKCNyaTaumm KOHKpeTHo AI3C, CHMXaa UX KONMYECTBO NpW peanu3auum JONONHUTENb-
HbIX Mep;

— 060CHOBbIBATb CTPATETVIO MOBbILLEHWA NOXapPHOV 6€30MacHOCTM MyTeM yyeTa CrelranbHbIX MEPONPUATUI,
obecrneunBaLLMX CHUKEHVE BEPOATHOCTN BOSHUKHOBEHNA MOXapOB U UHAMBYAYAJIbHOTO MOXapPHOIo prcKa.

PaspaboTtaHa MmeToauKa NpoBeAeHna 1 06paboTKK pe3ynbTaToB ONpoca 3KCNepToB NO onpefeneHnto 3Hauu-
MOCTU GaKTOPOB, BAUAIOLMUX HA BEPOATHOCTb MOXKapa AN1A Haf3eMHbIX 1 noA3eMHbix pe3epByapos CYI Ha AI3C.

OXUAAEMbIV PE3YJIBTAT MPUMEHEHUA

YueT Hanbonee 3HauMMbIx GaKTOPOB NPV MNOLFOTOBKE 1 peanu3aLuuy MeponpuaTuii no 6e3onacHowm sKkcnya-
Tauumm pesepyapos CYI Ha AI3C.

TEKYLWLAA CTAQUA PASBUTUA
Pa3paboTka BHeapeHa B NPOV3BOACTEO.

CBEAEHUA O NPABOBOV OXPAHE
OTcyTCTBY!IOT.

MOTEHUWAJNbHbIE MOTPEBUTEN U/WIUN 3BANHTEPECOBAHHDIE B PASPABOTKE
OpraHnu3sauuu, akennyatupytowme Al3C, focnpomHaasop, PoctexHaasop.

KOHTAKTHbIE BAHHbIE

Opnosckuii MNeTp Cepreesuny, cTaplumnin npenofasatenb Kadeapbl «TexHochepHaa 6e30nacHOCTb».
Ten.: (+37529) 376 43 68
E-mail: piotr080694@yandex.ru




OBECMEYEHWE BE3OMACHOCTW: TEXHOJIOT U, 06OPYAOBAHUE, CMELINAJIbHBIE CPEACTBA

Xl. Y4PEXXAEHUE OBPA3OBAHUA
«FTOMEAbCKUN TOCYAAPCTBEHHbIA YHUBEPCWUTET
UMEHU PPAHLUUCKA CKOPUHbI»

18.30/1b-TE/Ib NOKPbITUA HA OCHOBE AUOKCUAA KPEMHUA ANA NPUMEHEHUA
B MUKPOINEKTPOHUKE

OMNMUCAHUE PA3PABOTKHN

Cnocobbl 3aWmMThbl 1 NIaHaPU3aLUK MAKPO3IEKTPOHHBIX KOMMOHEHTOB PA3NYaloTCs B 3aBUCUMOCTY OT METO-
[ HaHEeCeHVA MOKPBITUIA. BakyyMHble MeTOAbl HAHECEHUSA NNIEHOK TPeOYIOT AOPOroCTOALLEro TEXHOMOTMYECKO-
ro obopynoBaHus, Ans paboTbl Ha KOTOPOM HEOHXOAVM BbICOKOKBaNMGULMPOBaHHbIN NepcoHan. B npoTtrnsono-
NOXXHOCTb 3TOMY XMMUYECKNE METOAbI, K KOTOPbIM OTHOCUTCA U 30Mb-Teflb MeTof, 601ee AOCTYMNHbI 1 OCyLLecT-
BNIAIOTCA Ha 6oniee MPOCTOM U fielleBoM 060pyA0BaHN. YHUBEPCANIbHOCTb TEXHUKU, MPUMEHSEMON NPY XUMK-
YeCcKmUX MeTofax, No3BOJAET U3rOTaB/IMBaTb MOKPbITUSA KOHTPONMPYEMOrO COCTaBa MPU OTHOCUTENbHO HU3KMX
TemnepaTypax. [ToKpbITUA Npy 3ToM 061aAatoT ONpeaesieHHbIMY CBONCTBaMM, MO3BONALWMMY 06eCcneyunTb Hop-
MaJslbHYI0 paboTy TEXHONOMMUYECKIX MaTepranoB B TeUEHME CPOKA KX CITy»KObl.

mupamA yacTRa 3 o,
s sasopa 1€ wice

mpi yacn 15 s,
mpana 330p 3 Mk

M a3 e,
wap s 3 e

MN3BecTHble B HacTosLLEee BPeMs 30/1b-Teflb METOAbl MONTyYeHUsi MOAOOHbIX MOKPbLITUN HAa OCHOBE OpraHuve-
CKMX COeVHEHWI KPeMHMA 061afatoT PAAOM HelOCTaTKOB: HanMmunem 60/bLLOTO YMCSIa KOMMOHEHT Npu CUHTe-
3e MNIeHKOOOPa3yoLLEro pacTBOPA, OTCYTCTBMEM CTOMKOCTY K BO3AeNCTBIMIO TeMnepatyp oT =50 go +700 °C, oT-
CYTCTBMEM YHMBEPCANbHOCTM 1 BO3MOXHOCTM MOTyYEeHNA NiaHapu3aLOHHbIX U 3aLMTHbIX MOKPbITUA Ha pas3-
HbIX BAAaX NMOAJSIOXKeK 6e3 3MeHeHMA KOMMOHEHTHOro CoCTaBa NieHKoobpasytoLero pactsopa.

TexHnyecKre xapakTepucTuKm NOKPbITUIA:

— BHELUHWI BUA: NOBEPXHOCTb NOKPbITUS OA4HOPOAHAA, NPo3payHas, rMaakas, ¢ 6reckom, 6e3 TpewuH;

- ToNWMHa (3agaeTca ycnoBuAMM HaHeceHuA): oT 200 HM A0 2 MKM;

—apare3ua: knacc 0 (ISO 2409:2013, ASTM-5B);

— AN3MeKTpUYeCcKan NPoOHMLAEMOCTb: 2-5 € (Npu TonwmHe cnos gmanektpurka 0,25-1,00 MKm);

— BeNnynHa rnokasatena npenomnenuns: 1,30-1,42;

- TepmocTonkocTb: go 700 °C.

PazpaboTaHHble MOKPbITUA MO3BONIAT CrNAANTb MOBEPXHOCTb Ha 95 %. Ha NoBepXHOCTU C BbICOTOW CTPYKTYP
800 HM npu GoPMMPOBAHMM ABYXCIONHOTO MOKPbITUS MPOUCXOAUT NilaHapu3aumsa fo 40 HM ¢ obLen Tonwm-
How cnosa nopagka 1 mkm. MNonyyeHHble NOKPbITUA NPO3payHble B BUAVMOM AMana3oHe, OQHOPOAHbIE 1 CrJoLW-
Hble Ha MNOAJIOXKKaX C Pa3fInyHbIM KO3IPULNEHTOM TEPMMYECKOTO pacluMpeHna (MeTans, NonynpoBOAHNUK, Ke-
paMuiKa), obnagatoume Bbicokor TBepaocTbio (ISO 15184:2012), rmbkoctbio (ISO 1519:2011) u HU3KOW AndNeEK-
TPUYECKON NPOHNLAEeMOCTbIO.



TEXHUYECKUE MPEMMYLLECTBA
HaHeceHue pacTBopa MeTogamu LeHTpUdYrnpoBaHus 1 OKYHaHA.

OpHopofHoe Npo3payHoe NOKpbITUe GopMUPYeTCs Nocie TepMooOpPaboTKM NPV MUHUMANbHON TemMrepaTy-
pe 200 °C.

OTnnyHana agresusa K MOBEPXHOCTU: KPEMHUA, alNtOMUHNA, KPEMHMEBDIX NOANOXEK C anoMUHNEBON pa3Boa-
KOW, CTeKNa 1 KBapua.

MexaHunuyecKkas ycToMUMBOCTb K TemnepaTypHbIM KonebaHusam ot —50 go +700 °C.
CTOMKOCTb K LLe/TOYHbIM 1 KUCIOTHBIM TPaBUTENAM.

OXUAAEMbIA PE3YNbTAT NPUMEHEHUA

Mcnonb3oBaHme cOCTaBOB ANA CUMHTE3a 3alLMTHbIX BUSNTEKTPUYECKUX 30/1b-T€Jb ﬂOKprTVIVI NO3BOJINT YMEHb-
LWNTb 3aBUCMMOCTb OT MOCTaBOK MMMNOPTHbIX MaTepPnasioB N 3aMEHUTb MMMOPTHbIE COCTaBbl, NPpUMeEHAEMbIE ONA
nnaHapusaynm B TEXHONOIM Npon3BoOACTBa MUKPOCXeEM, Ha OTe4YeCTBEHHDbIE, YTO CHU3WUT 3aTpaTbl Ha MPOU3BOA-
CTBO B HECKOJIbKO pas.

LleHoBble npenmyLLecTBa: CTOMMOCTb 1 KF pa3paboTaHHO KOMMNO3uummn coctaBnaet okono 1000 py6., ctoun-
MOCTb 3apy6eXKHOro aHanora — nopsagka 6500 y. e.

TEKYLWAA CTAQOUA PASBUTUA
BbinonHeHa HayuyHo-McCnefoBaTeNbCcKas UM OMbITHO-KOHCTPYKTOPCKas (TEXHOMOrM4Yeckas) paboTa; BbinyLyeH
OMbITHbIV 06paseL.

CBEAEHUA O NPABOBOW OXPAHE
MateHT Pecnybnuku benapycb N2 21201 «Cnocob nonyyeHnsa 3alUTHOrO NOKPbITUA 30/1b-Tefib METOLOMY.

NOTEHUWAJIbHBIE MOTPEBUTENIN U/ SAUHTEPECOBAHHbBIE B PASPABOTKE

MpepnpuAaTnAa anekTpoHHoW npombiwneHHocTn: OAO «MHTEIPAJT» — ynpaBnaiowasa KOMNaHWA XonanHra
«NHTEFPAJ» (r. MmnHck, Pecnybnuka benapycb), OAO «[MnaHap» (r. MuHck, Pecnybnuka benapycb), 3A0 «pyn-
na Kpemuui 3J1» (r. bpsaHck, Poccuiickas Oegepauns), AO «MukpoH» n AO «AHrcTpem» (r. 3eneHorpag, Poccnin-
ckaa Oepnepauus), HoBocnmbrpcknii 3aBog nonynpoBOAHUKOBbLIX Npubopos BocTok (r. HoBocnbupck, Poccuin-
ckas Qepepauusn).

KOHTAKTHbIE BAHHbIE

FanwyH Bnagnmunp EBreHbeBuy, 3aBefytoLunin nabopaTtopueri, 3aBeayoLmin Kadeapor onTrKy,
KaHaunpat d)VI3I/IKO-MaTEMaTVIl-IeCKVIX HayK, OLUEHT.

Ten.: (+375 44) 775 05 05

E-mail: vgaishun@gsu.by




OBECMEYEHWE BE3OMACHOCTW: TEXHOJIOT U, 06OPYAOBAHUE, CMELINAJIbHBIE CPEACTBA

XIl. YSPEXXAEHUE BEAOPYCCKOIO
rTOCYAAPCTBEHHOTO YHUBEPCUTETA
«HAYYHO-UCCAEAOBATEAbCKUN UHCTUTYT
PUINKO-XUMUHECKUX NMPOBAEM»
(COBMECTHO C TOCYAAPCTBEHHbIM
NMPEANMPUATUEM «HAYYHO-NPAKTUMECKUU
LLEHTP AOTUOC»)

19. NEKAPCTBEHHbIN NPEMAPAT «@OCLENAHTAH», MJIACTUHA
NEKAPCTBEHHAA 4x5 (M

OMNMUCAHUE PA3PABOTKMU

JlekapcTBeHHbIN NpenapaT «DocuenaHTaH» MOXeT MCMoMb30BaTb-
CA ONA NeYyeHUA rHONHO-BOCMANMTENbHBIX MPOLECCOB KOXUN 1 MATKNX
TKaHel, OXOroB, TPYAHO 3aXKMBalOLMX PaHEBbIX NMOBEPXHOCTEN, pe3a-
HbIX, KONOTbIX PaH 1 CCafiviH, AN1A OCTAHOBKU KPOBOTEUYEHUI 1 Npodu-
NaKTMKN UHOEKLMNOHHBIX OCnoXHeHUn. ObecneyrBaeT BnaKHoe Teue-
HVe NpoLiecca 3a>KMBNEHUA PaHEBOW MOBEPXHOCTY, CTUMYNINPYET pere-
HepaTMBHbIe MPOLIECChI M COKPALLAeT CPOKM 3aXXMBNIEHNA paH, obnaja-
eT MecTHbIM obe3bonrBaoWwyM aencTernem, bakTepruungHom n dyHrm-
UMAHOWM aKTUBHOCTbIO.

TEXHUYECKUE NMPEMMYLLECTBA
OteuecTBeHHbIE aHAIOrN OTCYTCTBYIOT.

OXUOAEMbI PE3YJIBTAT MPUMEHEHUA

Mpenapat He OKa3blBaeT NOBPEXAAIOLEro AeNCTBUA Ha Nponndepa-
L0 KNETOK, 06pa3oBaHmne rpaHyasuuii U SNMTEN3aLmio paHbl, COKpa-
LaA CPOKM 3aXKMBJIEHUA PaH B CPEAHEM Ha 7 CYTOK.

TEKYLAA CTAQUA PA3BUTUA

BbinonHeHa HayYHO-TeXHMYECKas UK OMbITHO-KOHCTPYKTOPCKan (TexHonornyeckas) pabota.

CBEJJEH/A O MPABOBOI1 OXPAHE
MnaHnpyeTca naTeHTOBaHWMe.

NMOTEHLUWAJIbHbBIE NOTPEBUTENUN U/UNN 3BAUHTEPECOBAHHbBIE B PA3BPABOTKE
BoeHHble yupexaeHus 3npaBooxpaHeHns Pecnybnviku benapycb.

KOHTAKTHbIE AAHHbIE

IOpKwwTOBMY TaTbAHa JIyKMHMYHa, 3aBeaytowWwmin nabopaTopueit, KaHANAAT XMMUYECKNX HayK.
Ten.: (+37517) 37982 29
E-mail: Yurk@bsu.by

FanaHosny Bnagumup Hukonaesuny, gupektop M «HIML JIOTUOC», BOKTOp MeAULNHCKUX HayK, Npodeccop.



OBECIMEYEHME BE3OMACHOCTU: TEXHONTOTU, 060PYAOBAHUE, CMELUAJIbDHBIE CPE[CTBA

XIll. HAYSHO-UCCAEAOBATEAbBCKOE Y4YPEXAEHUE
(WMHCTUTYT NMPUKAAAHbBIX PUSUHECKUX MPOBAEM
UMEHU A. H. CEBYHEHKO» BEAOPYCCKOTIO
rTOCYAAPCTBEHHOTO YHUBEPCUTETA

20. METOAMKA ONPEAENEHNA PARVUALMOHHON CTOMKOCTU KEPAMUYECKNX
HAHOCTPYKTYPUPOBAHHDIX OKPbITUN

OMNMUCAHUE PASPABOTKI

MeTopurKa UCnbiTaHU NOKPbLITUIA NpefHa3HayeHa Ana onpeaeneHnsa paguaLiOHHON CTOMKOCTU HAHO- U M-
KPOCTPYKTYPUPOBAHHbIX MOKPBITU U3 HUTPUAOB, KAPOOHUTPYAOB TUTaHa M antoMUHNUA ¢ fobaBkamu. Mo pa-
ANALVIOHHON CTOMKOCTbIO MOHUMAETCA YCTONUMBOCTb MOKPLITUA K MOHM3KPYIOLeMY 06/TyYeHMIo, B YaCTHOCTM
K BO3[EeNCTBUIO MOHOB MHEPTHbIX ra3oB (He*, Ne*, Ar*, Kr*, Xe*) n npOTOHOB. YCTONYMBOCTb NOKPLITUIA K BO3Aei-
CTBUAM, B YaCTHOCTU K 0611yUYEHUNIO MOHaMW MHEPTHBbIX ra30B, AOMKHA BblPaxaTbCA B HEV3MEHHOCTU UX SlIEMEHT-
HOro COCTaBa, CTPYKTYPHO-}a30BOro CocToAHUA N GYHKLNOHANbHbIX CBONCTB, B JaHHOM Cllyyae TpubomexaHu-
YeCcKmnX XapaKTepuCTUK.

TEXHUYECKUE NMPEMMYLLECTBA
MeTofuka no3sonAeT onpeaenaTb pagnaLioHHYI0 CTONKOCTb MaTepranos 6e3 UCMNbITaHWUI B peasibHbIX YC/10-
BUAX NPYIMEHEHUA.

OXWAAEMbI PE3YJIBTAT MPUMEHEHUA

anIMeHEHI/Ie [aHHOW MeTOANKM NO3BONAET pa3pa6aTb|BaTb HOBbIe paﬂI/IaLl,I/IOHHO-CTOIZKI/Ie MaTepuranbl 1 No-
KpbITUA N MPOBOAUTb OLEHKY NX d)yHKLI,I/IOHaJ'IbeIX CBOIWICTB B yCcnoBMAX peanbHOro npuMeHeHuA.

TEKYLWAA CTAANA PA3BUTUA

BbinonHeHa HayyHO-MCCIefoBaTeNIbCKas UMM OMbITHO-KOHCTPYKTOPCKas (TexHonornyeckas) paborta.

CBEJJEHUA O NMPABOBOI1 OXPAHE
MNopaH naTeHT.

MNOTEHLUWAJNIbHbBIE MOTPEBUTEJIN U/WITN 3BAUHTEPECOBAHHDIE B PASPABOTKE
MpennpuATAA NPOMbILLIEHHOCTY.

KOHTAKTHbIE AAHHbIE

KoHcTaHTrHOB CTaH1cnaB Banepbesuy, BeyLymnii HayUYHbI COTPYAHVK NabopaTopum SAMOHNKY,
KaHaMAaT GU3NKO-MaTEMATMUECKX HAYK, JOLEHT.

Ten.: (+375 29) 34239 08

E-mail: svkonstantinov@bsu.by



21. CBEPXILUPOKOMONOCHAA BE33XOBAA KAMEPA

OMUCAHUE PA3PABOTKIN

CeepxwmnpokononocHas 6e3axoBas kamepa (CbK) npeg-
Ha3HayeHa A/1A NPOBefEHMs BbICOKOTOUHBIX M3MePeHUI Xa-
PaKTEPUCTUK AHTEHHOW TEXHUKN COBPEMEHHbIX CNCTEM pa-
anonokaunn, paguoHaBmuraymm n CBA3N N UCMbITAHUA pa-
[VI03M1IEeKTPOHHOW anmnapaTypbl Ha 3M1EKTPOMArHUTHYIO CO-
BMECTUMOCTb.

CBK nprmeHsaeTca ana opraHn3aumm n3mepuTenbHbIX Nio-
LWafoK ANA NpoBefeHNA BbICOKOTOYHbIX M3MEPEeHUN Xapak-
TEPUCTUK aHTEHHOWN TEXHWNKUN COBPEMEHHbIX CUCTEM Pagmo-
noKauuu, pagroHaBuraLmm n casu, 3¢peKTrBHON NoBepx-
HOCTU paccesHUA Pa3fNYHbIX 06 bEKTOB U UCMbITaHWU pa-
OMO3NEKTPOHHONM annapaTtypbl Ha 3NeKTPOMarHUTHY CO-
T BMECTUMOCTb.

Mo CBOMM 31€KTPOANHAMMUYECKMM 1 SKCMITyaTaLMOHHbBIM XapaKTePUCTKAM aHaNorMyHa iyyluiM MUpOBbIM
obpasuam, Takim Kak 6e33xoBble Kamepbl prpmbl Franconia.

Pa3spaboTaHo 1 opraHnW3oBaHO MPOW3BOACTBO MMOGPUAHONO PAAMONOOLWAOLWEro NOKpbITHA. Mpu cpaBHU-
TeNbHO CKPOMHBIX pa3mepax U yAOBNETBOPUTENBHON LiEHe LIMPOKOMONOCHOCTb paboyero YacTOTHOrO Auana-
30Ha Kamepbl NMO3BONAET NPOBOANUTb OUEHb OOJbLLIOW CNEKTP aHTEHHBIX U3MEPEHU, U3MepeHNii SGpdEKTUBHON
NOBEPXHOCTU PaccesHna PasnUHbIX 0O bEKTOB, MCCIEA0BAHUA IEKTPOHHBIX CPEACTB Ha 3/1eKTPOMarHUTHYO
COBMECTUMOCTb.

CBepXLWMpPOoKononocHas 6e3sxoBas KaMepa COCTOUT:

- U3 HECYLYUX KOHCTPYKLMIA KapKaca;

- MM6pPULHOro PaaNONOroLAloOLEro MaTepUana;

- pewweTyaToro ¢anbLnosa U3 KOMNO3UTHOrO MaTeprana Ans nepeaBuiXXeHns NepcoHana 1 ycTaHoBKM 060-
pyfnoBaHus;

- CuUCTEM: SHeproobecneyeHrs, BEHTUAALMN 1 6e3MOMEXOBOTO (MO 3N1eKTPOMArHUTHOMY U3/yUYeHuIo) OCBe-
LeHus;

— COEAMHUTENbHBIX 3/IEMEHTOB: Pa3beMoB, Kabesieln 4/ia NMOAKMoUEHUA N3MEPUTENbHBIX aHTEHH U 06opyao-
BaHVA 1 Ap.

TEXHUYECKUE NMPEUMYLLECTBA

YacToTHbIN gnanasoH: ot 30 My go 18 Mu.

Pa3smep s3KkpaHMpoBaHHOIoO NomeLleHusa: 6,2X2,7x2,2 M.

O6wana macca Kamepbl: 9000 Kr.

Pasmep aTTectoBaHHOro pabouyero obbema Ans pa3melleHnsa uccnegyemoro obopygosanua: 1,0x1,0x1,0 m
N3mepurTtenbHoe paccToAHMe: MeHee 3 M.

OXWAAEMbIV PE3YJIbTAT MPUMEHEHUA

Be3axoBas Kamepa NpUMeHAeTCA ANA OpraHM3aUmy N3MepUTesIbHbIX MOLWAA0K NPY NPOBEAEHNN BbICOKOTOY-
HbIX U3MEPEHUI XaPAKTEPUCTUK aHTEHHOWN TEXHUKWU COBPEMEHHbIX CUCTEM PAaSMONOKaLMK, PaguoHaBUraLum
1 €BA3U, 3GPeKTNBHOM NOBEPXHOCTM PACCeAHMA Pa3INYHbIX OOBEKTOB M UCMbITaHU PAAMO3NIEKTPOHHOW anna-
paTypbl Ha 311eKTPOMArHUTHYI0 COBMECTUMOCTb.

TEKYLWAA CTARUA PA3BUTUA

B pamkax ornbITHO-KOHCTPYKTOPCKOM paboTbl M3roTOBMIEH 1 BBElEeH B 3KCrlyaTauumio B Pecnybnuke benapycb
OMbITHBI 06paseL, C KOMMIEKTOM KOHCTPYKTOPCKON JOKyMeHTaLun. B HayuyHo-nccneoBaTenbCKoM yupexae-
HUW <MHCTUTYT NprKnagHbix dursnyeckmx npobnem umenn A. H. CeBueHko» BI'Y opraHrn3oBaHO Npou3BoACTBO
rM6pr1AHOro CBEPXLLIMPOKOMONIOCHOrO PaAnoNoroLaloLero matepuana.




CBEJEHNA O MPABOBOW OXPAHE
OTcyTCTBYIOT.

MOTEHUWAJNbHbIE MOTPEBUTEN U/WTN 3BAUMHTEPECOBAHHDIE B PASPABOTKE
MpennpuATUA BOEHHO-MPOMbILLIEHHOTO KoMMekca Pecny6nuku benapycb u Poccuiickon Oegepaumn.

KOHTAKTHbIE JAHHbIE

KHbiw Banepuii MeTposuy, 3aBeaytownii nabopatopueil.
Ten.: (+375 17) 368 24 80
E-mail: LpePFP@bsu.by

22. BECMUNOTHbIN KOMNJIEKC ABUALIUOHHOTO CMEKTPOMETPUPOBAHMUS
«bEKAC»

OMUCAHUE PA3PABOTKU

BecnnnoTHbIN KoMMeKe aBMaLMoOHHOro crekTpomMeTpupoBaHus «bEKAC» npegHasHaueH ansa nonyyeHus ¢o-
TOCMEKTPasnbHbIX N306paXKeHNN OOGBEKTOB 3eMHOI NMOBEPXHOCTU C UCMONb30BaHNEM 6eCnUIOTHOro neTaTtesib-
Horo annapata (BMJ1A). 3amepeHus cnekTpasnbHbIX XapaKTePUCTVIK OObEKTOB C BbICOKMM CNeKTpasibHbIM pa3pe-
LIeHVeM NpeaCcTaBAAT HaMOONbLUNIA UHTEPEC ANA PeLleHNs TakuX 3ajay, Kak fMarHoCTuka COCTOAHMA ApeBo-
CTOEB B LIeNIAX BbIAABEHWSA YCbIXaHWI Ha PaHHeN CTagny, a TakxKe ANa 06Hapy»KeHUs 0COObIX CNeKTPanbHbIX Npu-
3HAKOB NPV NCMONb30BaHNM B TOYHOM 3eMefeNnu.

Komnnekc «<BEKAC» B ncrnonb3yemon kKoHourypaumm 6asmpyetca Ha BINJTA DJI Matrice 300 RTK (Real Time
Kinematic), TOUHOCTb NO3NLMOHNPOBAHMA KOTOPOro Npu BKItoUeHHOWM cucteme RTK coctaBnsetr 1 cm = 1 mm/
KM Mo ropr3oHTanu 1 1,5 cM = 1 MM/KM No BepTMKanu (TOYHOCTb NapeHus B pexkume P-GPS coctasnsaeT £ 0,5 m).
Ha BIM/1A ofHOMOMEHTHO NIM60 MO OTAENBHOCTM MOTYT ObITb YCTaHOBJIEHbI BULEOCNEKTPaNbHbI Kommnekc (BCK)
1 TeNNOBU3MOHHaA Kamepa Zenmuse H20T Ha cTabunusmpyioLlem ruponogagece.

BCK BkntouaeT B CBOW COCTaB ynpasnaoLWwmii ogHonnatHbin komnbiotep (YOK) Raspberry Pi 4 Model B, c nomo-
LLibl0 KOTOPOTO B aBTOMATUYECKOM PeXKMME OCYLLECTBIAETCA B3aVMOAENCTBYE C COOCHO YCTaHOBIEHHBIMU 0630p-

DJI Matrice 300

BHeLuHui BuA 6ecnunoTHOro KOMMeKca aBUaLIMOHHOTO CMIEKTPOMETPUPOBAHMA
«BbEKAC»




OBECMEYEHWE BE3OMACHOCTW: TEXHOJIOT U, 06OPYAOBAHUE, CMELINAJIbHBIE CPEACTBA

Holi kamepoli Raspberry Pi Camera 1 cnekTpomeTpom (onocpefoBaHHO C MCMONb30BaHNEM MUKPOKOHTposIepa
STM32F405RGT6). O630pHas kamepa no3osiseT nosyyats RGB-1n306paxeHus ¢ paspelueHnem ao 2592x1944 nkc
B pexume poTocbemkn. OnTruyeckas cxeMa CNeKkTPoMeTpa NoCTpoeHa Nno cxeme PoynaHaa Ha OCHOBE BOTHYTOM
ANOPaKLMOHHON peLweTKn C AOMOHUTENIbHbIM MIOCKMM 3epKanoMm Afsi yMeHbLUeHUsA rabaputoB. CnekTpasb-
HbI fnana3oH paboTbl cnekTpomeTpa cocTaBnfeT 350-935 HM, CNeKTpasnibHOe pa3pelleHne — 4 HM, YrioBoe
rnose 3peHus cnekTpometpa — 0,7x1,2°, 0630pHoI Kamepbl — 15x27°. B coctaB BCK Tak»Ke BXogUT Moayb Nu-
TaHMA eMKocTbto 10 A-u. Kopnyc BCK nsrotosneH npu nomouym 3D-neyaty 13 Tpex BUAOB GprnaMeHTOB AnA pas-
JINYHbIX AeTanen.

5

3D-u306paxeHme KoHCTpyKLmn BCK:
1 — ynpaBnAiowyii 0AHONNATHbIN KomnbtoTep; 2 — USB-dneLwu-HakonuTenb; 3 — 06bEKTUB CNEKTPOMETPa;
4 — 06beKTVB 0030pHOII KaMePbl; 5 — 610K CNeKTPOMETpa; 6 — akKyMynaTop; 7 — nepeknioyateNb NUTaHNS;
8 — KHOMKa 0CTaHOBKI CbeMKM

Pernctpupyemble BCK gaHHble NpoxoaaT npefBapuTeNibHyto 06paboTKy 1 COXPaHATCA Ha NMOAKTIOYEHHOM
K YOK ¢dnelu-HakonuTtene. BoixogHble gaHHble komnnekca «bBEKAC» npeactaBnsioT cobo pasaenieHHble No ANpeK-
TOopUAM BUAeopAAbl AaHHbIX (YacToTa KagpoB — 30 KagpoB/c, pa3pelieHme — 1920x1080 nKc) u 3aperncTpupo-
BaHHble CMEKTPOMETPOM AaHHble (YacToTa 3anncy 3aBUCUT OT SKCMO3ULUM CMEKTPOMETPaA 1 COCTaBNAET nopAa-
Ka 10 cnekTpoB/c). laHHble 0 reorpadnyeckom NosIoKeHUN BO BPemMs NPOBELAEHNA N3MEPEHUN PErUCTPUPYIOT-
ca BIMJ1A n coxpaHAaTcA Ha driel-HaKonUTenb, MOAKIOYEHHbI HeMoCpeaCcTBEHHO K BITJTA.

Pa3spaboTaH cnocob nonyueHns faHHbIX ¢ Komnnekca «<BEKAC» B poTocnekTpanbHOM NpeacTaBieHun, obecne-
yrBaloLLeM NPUBA3KY MO 3peHnsa cnekTpomeTpa K RGB-1306paxeHnAM ¢ OTHOCUTENBHOM TOUHOCTbIO 84,9 %
+ 11,6 %. O6beanHeHne paga GpoTocrneKTpanbHbIX N3006PaKeHUN B eANUHOE CLUNTOE N306pakeHre Npu nNioLaz-
HOW CbeMKe No3BonAeT GopMMPOBaATb paspexeHHble reorpadryeckn NpuBA3aHHbIe rMnepcrneKkTpanbHble N30-
6parkeHus. Takmum o6pa3om, KOMMIIEKC ABAAETCA NepPCneKTUBHbIM CPeACTBOM NMOJyYeHWA AaHHbIX AUCTaHLMOHHO-
ro 30HAMPOBaHMA 3eMNv 41 LUIMPOKOro paja 3agay U3yyYeHUs U MOHUTOPVHIa 00 beKTOB 3eMHOW MOBEPXHOCTY.

TEXHUYECKUE NMPEMMYLLECTBA

Pa3zpaboTaH cnocob nonyyeHns faHHbIx ¢ komnnekca «<bEKAC» B poTocneKkTpanbHOM NpefcTaBneHun, obecne-
yrBaloLLeM NPUBA3KY MOJs 3peHns cnekTpomeTpa K RGB-1300paxeHnAM ¢ OTHOCUTENBHOM TOUHOCTbIO 84,9 %
+ 11,6 %. O6beauHeHMe psifa GOTOCNEKTPASIbHbBIX N306PAXKEHUN B EAVHOE CLUMTOE N306paXkeHne Npu nioLas-
HOW CbemKe no3sonaeT GOPMMPOBaTb Pas3peXKeHHble reorpadryecky NpUBA3aHHbIE TMNepCrneKkTpabHble N30-
GpaxkeHus.

OXWAAEMDbIA PE3YJIBTAT MPUMEHEHUA

Komnnekc «bEKAC» AaBnaeTcA nepcneKkTMBHbIM CPeACcTBOM NOMyYeHMA JaHHbIX AUCTaHUMOHHOIO 30HANPOBA-
HMA 3eMnun AN WNPOKOTo pAfa 3afay U3yyeHns 1 MOHUTOPUHIA OOBEKTOB 3€MHO MOBEPXHOCTU.



TEKYLLAA CTAOUA PA3BUTUA

OnbITHBIN 06pa3eL Komnnekca «BEKAC» npolien neTHble NCMbITaHUS C SKCMEPVMEHTANIbHON OLEHKOMN TEXHU-
YeCKMnX XapaKTepuUCTUK.

CBEEHUA O NPABOBOV OXPAHE

MonyyeH nateHT Pecnybnuku benapycb Ha nonesHyio mogenb N2 13010 «YcTpoiicTBO ANA aBMacneKkTpaabHom
cbemkm» (gaTa pernctpaumm 01.08.2022).

NOTEHUWAJIbHbBIE NOTPEBUTENN U/WNA SAUHTEPECOBAHHDIE B PASPABOTKE

OpraHuzauun Pecnybnukn benapycb n Poccuiickoit OefiepaLimm, cBaA3aHHble ¢ pa3paboTkoli annapaToB Mo-
HUTOPWHIa NOBEPXHOCTM 3eMnu; opraHmn3aLmnu, UCNosb3yoLmne B CBOEN AeATeIbHOCTU MHPOPMaLMIO JMNCTaH-
LMOHHOTO 30HAMPOBaHNA 3eM/IN, HaNPUMep OTpacneBble MUHUCTEPCTBa U BeAoMcTBa Pecny6nuknu benapycb
n Poccuiickonn Oepepauunn.

KOHTAKTHbIE JAHHbIE

Benses bopuc UnnaproHoBny, [OKTOp $U3MKO-MaTEMATUUECKMX HayK, Npodeccop.
Ten.: (+37517) 368 32 46
E-mail: remsens@mail.ru




OBECMEYEHWE BE3OMACHOCTW: TEXHOJIOT U, 06OPYAOBAHUE, CMELINAJIbHBIE CPEACTBA

XIV. OBLLECTBO C OFTPAHU4YEHHOMN
OTBETCTBEHHOCTbIKO «bOAUABPY

23. CNELUANTU3UPOBAHHOE MPOrPAMMHOE OBECMEYEHWE ANA TEPMUHANA
3APAOKWU U XPAHEHWUA OAHHBIX ANA NEPCOHANbHbIX BUAEOPETUCTPATOPOB

OMNMUCAHUE PA3PABOTKHN

MHorodyHKLMOHanbHOe cneuran3npoBaHHoOe NporpaMmmHoe obecneyerue (CMNO) cobcTBeHHOM pa3paboTKu
npefHa3HayeHo AN BHeAPEHMWA B TePMUHAIbl 3apAaKU 1 XpaHeHUs AaHHbIx (Npomssoacteo OO0 «boaunBP»)
OJ1A NepCcoHanbHbIX BUAEOPerncTpatopos (GoTo-, Buaeo- 1 ayanodukcaumsa cobbiTin) C MprBA3aHHBIMU K HUM
MeTafiaHHbIMU.

MpumeHeHne gaHHoro CINO B paboTe NMOMOXET peLnTb NPobaeMy YaCcTOro OTCYTCTBUSA foKa3aTenbHOM 6a3bl
(BMAeO, ayamnosanucert) B SKCTPEHHBIX 1 (M11) OMAaCHbIX CUTyaUMaAX NpY NCMOSTHEHNM CTYXebHbIX 06s13aHHOCTEN
y COTPYZAHVKOB OpraHu3aLmi. brnarogaps BO3MOXXHOCTU 3aLLMTbl TEPCOHASIbHBIX M MOyYEHHbIX AaHHbIX, OHO MO-
JOViAEeT AN UCMOSb30BaHMA B cpepe CUCTEM 3alUTbl UHPOPMaL K.

TEXHUWYECKUE NMPEMMYLLEECTBA
CobcTBeHHan pa3paboTka, BHeApeHHasA B TepMiHan cO6CTBEHHOro NPOMN3BOACTBA.

MNMocTosaHHOEe 0OHOBIIEHNE HOBbBIX OYHKUMI 11 BO3MOXHOCTel CINO, a Takke noaaep»Kka CTOPOHHEro obopy-
[OBaHUA.

MomeHTanbHoe pearmpoBaHue NPoayKTa Ha KOMaHzbl Mosib3oBaTess.

Opyxento6Hbln nHTepdeiic.

CepBuUcHoe/TexHnYeCcKoe CONPOBOXeHNe (Bble3f cnelunanncTa K Nosib3oBaTerto).

Bo3MOXXHOCTb peanvsaumm MHHOBaLUK He TonbKo B Pecnybnvke benapycb, Ho 1 Ha TeppuTopun Poccuiickom
Q®epepaunu, ctpaH CHI, EBponbl.

OXWAAEMbI PE3YJILTAT MPUMEHEHUA

MHOFO(I)yHKLlI/IOHaﬂbHOE CMNO no3BonAeT Nosib30BaTeNO CUCTEMbI TMOKO HaCTpOUTb N 6bICTpO noNnyynTb OTYET,
0Tpa>|<a|ou4|/||7| HEO6XO,D,VIMbIe cBeaeHunA, a UMeHHO: d)OTO-, BUAEO- N ayanomaTepmranbl, KOTOpble BNOCIeACTBUN
MO>KHO MCIMOJIb30BaTb B KAUeCTBE AOKa3aTe/IbHOM 6a3bl, TeM CaMbIM obecrneyrBas 6€30MacHOCTb U 6bICprIO pe-
AKUMIO Ha pa3inyHble CUTyalln B peXnme HOH-CTOorM.

TEKYLWWAA CTAOUA PA3BUTUA
MogepHv3auma pa3paboTKy C BHeAPEHNEM HOBbIX GYHKLMI 1 ee paboTbl Ha HOBOW OMepaLroHHON ChcTEME,

CBELEHWA O MNPABOBOW OXPAHE
CBUAETENbCTBO O PErncTpaLuy TOBapHOro 3HaKa.

NOTEHUWAJIbHbIE MOTPEBUTENU U/ 3AUHTEPECOBAHHDIE B PASPABOTKE

Qunuanbl MO «bensHepro», yupexaeHusa 3ppaBooxpaHeHus, ¢unuanbl MPYN «MwuHras», MuHUCTEPCTBO
Mo upe3BblyalHbIM cuTYyaumnam Pecnybnukm benapycb, MUHUCTEPCTBO BHYTPeHHMX aen Pecny6nukn benapyco,
Benopycckas xxene3Has gopora, [M «MuHckTpaHcy, OAO «fpogHo A3oTt», OAO «HadTaH», npoune Npon3BoOACTBa.

KOHTAKTHbIE AAHHbIE

JlTarogny Oanun Cepreesuny, oupexkTop.
E-mail: main@bodydvr.com



OBECIMEYEHME BE3OMACHOCTU: TEXHONTOTU, 060PYAOBAHUE, CMELUAJIbDHBIE CPE[CTBA

XV.4ACTHOE NPOU3BOACTBEHHO-TOPTOBOE
YHUTAPHOE NPEANPUATUE «CKOKOB-METAA»

24. U3rOTOBNEHUE AETANIEN MO YEPTEXAM 3AKA3YMKOB C UCMOJIb30BAHUEM
WHHOBALIUOHHbIX TEXHONOTMYECKMX NPOLIECCOB

OMNMUCAHUE PASPABOTKI

TokapHble aBTOMaTbl NMO3BONAT M3roTOBUTH NIOOYI0 CTaHJAPTHYIO METU3HYIO NPOAYKUMo Ao 16-ro gname-
Tpa 1 paboTaloT C Pa3IMUYHBIMY TUMAMU MaTePUAOB: CTaslblo, TaTYHbIO, A0Pablo, Pa3fvyHbIMK BUAAMU MacT-
Macc 1 T. n. BoinonHsetca 3,4,5-oceBas 06paboTKa Ha dpesepHbix LieHTpax. TokapHble obpabaTbiBatoLyme LieH-
TPbl C NPYBOAHBIM UHCTPYMEHTOM MO3BONAT 06pabaTbiBaTb AeTanun ArameTpom Ao 320 Mm. imeeTcs cBapou-
HbIN YYaCTOK C Pas3nMyHbIMM TUMaMm cBapKu. MNpoBepKy oCyLLecTBASET Cy0ba TEXHUYECKOTO KOHTpons. [locTas-
Ka 13genuii ocyLLecTBAETCA 3a CYET U3roTOBUTENS.

" -~

2% -

TEXHWYECKUE NPEMMYLLECTBA

MepeyeHb 060PYAOBAHUS:

- dpe3epHble obpabaTbiBatowme LeHTPbl 3+ 2 ocn 1 3 + 1 ocb VMC-60C c 0651acTbio 06paboTkm 650x510x560 mMv;
- 2 dpe3epHbix 0bpabaTbiBatowmx LeHTpa VDLS 850-012 ¢ obnactbio 06paboTkm 860x510x560 Mmm;
— ¢pe3sepHble ¢ UMY HAAS VF-2;

- ToKapHble obpabaTtbiBatoLye LeHTpbl HAAS-ST15;

— TOKapHble (aBTomatbl ¢ UMY JIA155 ©30);

— TOKapHo-¢dpe3epHbIn LeHTp HTC-250M ¢ obnacTbio 06paboTku $320 mm, gnvHa — 200 mv;

— TOKapHO-YHUBepcanbHble c obnactbio 06paboTkm D 3-160 mm;

— ToKapHble ¢ YMNY c obnactbio 06paboTky 3-200 Mm;

- yHMBepcanbHo-dpe3epHble ¢ rabaputom 06pabaTbiBaeMol 3arotoBku 260x160 Mm;

— KOOPAMHATHO-PACTOYHbIE;

- cBepnubHble paboTbl;

— cNlecapHble paboTbl;

— yHMBepCcasbHble paboTbl.



TEKYLLAA CTAAUA PA3BUTUA
Pa3paboTka BHeApeHa B MPON3BOACTEO.

CBEJEHNA O NPABOBOW OXPAHE
CobctBeHHOCTb MUHKCTEPCTBa 060pPOHbI Pecnybnukn benapyco.

MNOTEHUWAJIbHbIE NOTPEBUTENN U/ SAUHTEPECOBAHHbBIE B PASPABOTKE

CepuiiHoe NPOV3BOACTBO AeTanen ANia NpeanpusaTii oTpaciy, 3aHMMaloWenca Npor3BoACTBOM NpubopoB
TOYHOW MEXaHUKM 1 ONTUKU, NPEANPUATUA BOEHHO-MPOMbILISIEHHOTO KOMM/IeKca.

OCHOBHbIMM NOTPEBUTENAMY feTanen Ans ONTUKO-MEXaHUYeCKOo NPOMbILLIEHHOCTY ABMAIOTCA Npeanpus-
TVs, NPOM3BOAALLME reofie3nYecKoe, MeAULIMHCKOE, CBETOTEXHUYECKOE 060pYAOBaHMe, a TakkKe NprbopbI Ha-
6nioaeHua.

KOHTAKTHbIE JAHHbIE

MakcumeHko CBeTnaHa [eTpoBHa, 3aMecTuTe b ANPEKTOPa MO KOMMEPYECKUM BOMPOCaM.
Ten.: (+37529) 514 86 20
E-mail: skokov-metll@mail.ru
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SECURITY PROVISION: TECHNOLOGIES, EQUIPMENT, SPECIAL TOOLS

|. STATE SCIENTIFIC INSTITUTION
“THE UNITED INSTITUTE OF INFORMATICS PROBLEMS
OF THE NATIONAL ACADEMY OF SCIENCES
OF BELARUS”

1. SOFTWARE AND INFORMATION COMPLEX FOR DECISION SUPPORT
ON THE BASIS OF ANALYSIS OF OPERATIONAL AND TACTICAL TERRAIN
CHARACTERISTICS “GIS-VN-2M”

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

GIS-VN-2M provides integration, unified representation, processing, display and documentation of heteroge-
neous data, including geospatial, operational and tactical situation data, required by military officials to assess
the situation and make decisions on the management of forces (resources).

GIS-VN-2M is designed to solve the following functional tasks:

- operational topography and geodetic analyses of the terrain during command and staff exercises and plan-
ning of combat operations;

—theinput, processing and maintenance of heterogeneous data on the operational and tactical situation (OTS)
on the electronic map;

— creation and processing of the library of conventional signs of OTS objects according to the OTS classifiers;
- preparing graphic documents for planning and executing combat missions;
- visualization of electronic maps and topical data;

- modelling and solving specific problems (flood zone modelling, optimal route calculation, finding areas
of a given size with given characteristics, topographic map stock calculation, etc.);

— measurement and analysis operations (creation of buffer zones, search for objects according to a set of con-
ditions, by name, in specified spatial relationships, calculation of lengths, areas of objects, distances, azimuths,
visibility zones, etc.);

- production of special military maps (geodetic data, communication routes, artificial obstacles, camouflage
conditions, passability conditions, river sections, motorways);

- getting terrain certificate;

- remote sensing data processing;

- import (export) of data from SXF, MID/MIF, SHAPE formats into (from internal) GIS format;

- support of the mechanism of the multi-user access to the data of the OTS;

— creation of spatial models for a given area (digital model of relief, terrain, positional area, quality matrix);
- 3D terrain visualization;

— service operations.

Cross-platform (OC WINDOWS and LINUX) basic GIS functions are implemented as DLL libraries.

TECHNICAL ADVANTAGES

In terms of its functional characteristics, the GIS has no analogues in the Republic of Belarus and is not inferior
to foreign analogues. It provides import substitution and increases the efficiency of decision support in the per-
formance of combat tasks.



EXPECTED RESULT OF APPLICATION

GIS is accepted for supply to the units of the Navigation and Topography Service of the Armed Forces
of the Republic of Belarus, GIS modifications are supplied as part of mobile navigation and topographic, naviga-
tion and geodesic and printing complexes.

CURRENT STAGE OF DEVELOPMENT

The development was supplied to the units of the Navigation and Topography Service of the Armed Forces
of the Republic of Belarus.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Navigation and topography service of the Armed Forces of the Republic of Belarus, Topography service of the Re-
public of Uzbekistan, AGAT — Management System OJSC.

CONTACT INFORMATION

Alexander Kryuchkov, Head of the Laboratory of Cartographic Systems and Technologies No. 210.
Tel.: (+37517) 273 23 63
E-mail: lab210@newman.bas-net.by
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Il. STATE SCIENTIFIC INSTITUTION “THE JOINT INSTITUTE
OF MECHANICAL ENGINEERING OF THE NATIONAL
ACADEMY OF SCIENCES OF BELARUS”

2. MODULAR ENERGY STORAGE SYSTEM

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Modular energy storage system based on lithium-containing cells is a set of functionally complete, uniform,
and coordinated components that enable the creation of energy storage units with capacity levels and voltage
ranges required for the powertrain of a vehicle or a stationary energy storage system.

Fields of application: mechanical engineering, energy sector, and the military-industrial complex.

Purpose: to provide power supply for the powertrains of mobile machines, as well as technological equipment
and specialized devices operating in field conditions (repair workshops, control centers, medical facilities and
mobile units, environmental monitoring and jamming equipment, etc.).

TECHNICAL ADVANTAGES

The use of a modular energy storage system allows the configuration of traction batteries to any desired capa-
city and voltage values by means of series-parallel assembly of modules, with increments defined by the basic
parameters of a single module.

The modules are structurally complete units designed for installation in commercial vehicles or stationary en-
ergy storage systems. Each module is equipped with a Battery Management System featuring passive or active
balancing, a thermal stabilization system, and a disconnect switch for maintenance purposes.

EXPECTED RESULT OF APPLICATION

Use as part of mobile complexes requiring autonomous power supply.

CURRENT STAGE OF DEVELOPMENT
Research or development (technological) work has been completed; a prototype was released.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Enterprises of the State Military-Industrial Committee, the Ministry of Industry, and private enterprises; manu-
facturers of transport, technological, and special machinery with electric and hybrid powertrains; enterprises and
organizations with high reliability requirements for their power supply systems.



CONTACT INFORMATION

Alexandr Belevich, Deputy General Director for Highly Automated Electric Transport — Head of the Scientific
and Engineering Center “Electromechanical and Hybrid Power Units of Mobile Machines".

Tel.: (+37517) 373 20 85

E-mail: ev@oim.by

3. ELECTRICDRIVE SYSTEM FOR UNMANNED AERIAL VEHICLES

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The electric drive system of unmanned aerial vehicles consists of a struc-
turally integrated synchronous electric motor and an inverter for its control
based on the control signals from the flight controller.

Application areas: mechanical engineering, military-industrial complex.
Purpose: propulsion of the unmanned aerial vehicle’s propeller.

Main technical characteristics of the drive:

- drive type: synchronous permanent magnet motor with air cooling system;
— maximum rotor speed: 4,000 rpm;

- maximum torque: 14 Nm;

- supply voltage: 46-62 V;

— maximum current consumption: 110 A;
- drive weight: 1.8 kg.

TECHNICAL ADVANTAGES

The electric drive system meets the world-class standards for this category of products in terms of specific
mass-dimensional parameters and implemented functional characteristics.

The design features ensure the possibility of organizing its serial production using the existing technological
capabilities of domestic enterprises.

EXPECTED RESULT OF APPLICATION
Use as part of unmanned aerial vehicles (UAVs) with various functional purposes.

CURRENT STAGE OF DEVELOPMENT
Research or development (technological) work has been completed; a prototype was released.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Enterprises of the State Military-Industrial Committee, the Ministry of Industry, and private enterprises; manu-
facturers of unmanned aerial vehicles (UAVs) with electric power units.

CONTACT INFORMATION

Alexandr Belevich, Deputy General Director for Highly Automated Electric Transport — Head of the Scientific
and Engineering Center “Electromechanical and Hybrid Power Units of Mobile Machines”.

Tel.: (+37517) 3732085

E-mail: ev@oim.by
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lll. THE ESTABLISHMENT “RESEARCH INSTITUTE
OF FIRE SAFETY AND EMERGENCIES”
OF THE MINISTRY FOR EMERGENCY SITUATIONS
OF THE REPUBLIC OF BELARUS

4. SOFTWARE TEST COMPLEX FOR DETERMINING THE FIREFIGHTER PHYSICAL
CONDITION IN SPECIAL PROTECTIVE EQUIPMENT IN CONDITIONS CLOSE TO REAL
CONDITIONS OF EMERGENCY RESPONSE

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Software test complex for determining the firefighter physical condition in special protective equipment
in conditions close to real conditions of emergency response consists of climatic chambers (a heat chamber
and a cold chamber), an automated control system for the technological process of testing, and auxiliary equip-
ment designed to assess the physical condition of a firefighter and the performance characteristics of personal
protective equipment under operational testing conditions. The complex provides the ability to create ambient
temperatures from +30 to +60 °C and from —-40 to =55 °C, in which the tester, using simulators, imitates the per-
formance of emergency rescue operations. The temperature recording system and heart rate monitor collect
data on changes in temperature in the under-suit space, as well as the pulse of the test subject during testing.
The data recording system includes 15 temperature recorders and a heart rate monitor (heart rate monitor), which
transmit data using wireless communication technology. The automated control system for the technological
process of testing is designed to collect data on the temperature and pulse rate of the test subject in the undersuit
space throughout the entire course of testing. After completion of the testing, a report on the test performed
is generated, which displays the progress of the testing.

TECHNICAL ADVANTAGES

Due to the use of separate cold, heat and humidity chambers, the software test complex for determining the fire-
fighter physical condition in special protective equipment in conditions close to real conditions of emergency
response (in contrast to foreign analogues) will ensure the continuity of the testing process regardless of the cre-
ated conditions (positive or negative ambient temperature, high humidity). The functionality of the complex will
be used in conducting scientific research related to the development of new elements of equipment for rescuers-
firefighters, optimization of the design of personal protective equipment based on the obtained information
about the physical condition of a firefighter when using them in emergency rescue operations.

UcnbiTaresnb CHapsKeHbii
CHCTEMOV perncTpaLmm
Kamepa xonoga TeMnepPaTypbI 1 11yIbCoOMETPOM Kamepa renna
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EXPECTED RESULT OF APPLICATION

The use of a software test complex for determining the firefighter physical condition in special protective
equipment in conditions close to real conditions of emergency response will make it possible to increase the level
of efficiency of personal protective equipment for firefighters used by specialists of emergency rescue services
of the Ministry for Emergency Situations of the Republic of Belarus by obtaining new knowledge about the influ-
ence of temperature conditions on them and the tester.

CURRENT STAGE OF DEVELOPMENT
Research or development (technological) work has been completed; a prototype was released.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Light and heavy industry enterprises, developers and manufacturers of fire-fighting equipment.

CONTACT INFORMATION

Andrey Starovoytov, Head of the Research Center in the Field of Elimination of Emergencies.
Tel.: (+375 17) 388 97 20
E-mail: likv.niipb@112.by

5.TEST COMPLEX“THERMOMANNEQUIN"

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The test complex“Thermomannequin”is a set of interconnected volumetric planning solutions, test equipment
and measuring instruments designed to conduct research and testing of special protective clothing and firefighter
gear for resistance to open flame and heat flow. The complex allows for research testing of firefighter personal
protective equipment on a full-size mannequin simulating a human body with thirty temperature and heat flow
sensors located in different parts. The mannequin, equipped with protective clothing, is exposed to heat flow
and open flame with a temperature of over 800 °C with temperature and heat flow registration in the under-suit
space. The complex allows for maximum modeling of working (operational) conditions for a full set of protective
gear and assessment of the degree of body protection from heat flows and open flame.

TECHNICAL ADVANTAGES

The test complex “Thermomannequin’; in contrast to its foreign analogues, allows testing not only special
protective clothing for firefighters, but also protection for legs, arms, and head. It allows comprehensively as-
sessing the degree of body protection in full gear from exposure to heat flows and open flames, maximally
simulating working conditions. An important component in the developed complex is the design feature



of the arrangement of control and measuring devices, which are located, including in the space of the head,
arms, and legs of the“Thermomannequin”. This design feature allows for a more objective assessment of the risks
of possible damage to human skin. Existing prototypes of the installation do not provide for such a possibility.

EXPECTED RESULT OF APPLICATION

The test complex“Thermomannequin”will increase the efficiency of developing modern elements of firefighter
rescue equipment, and will also allow domestic manufacturers to enter the world market without expensive testing
abroad. The complex allows for a number of significant scientific studies and expansion of the field of knowledge
in the features and technology of manufacturing new design elements of rescue equipment and other services
whose work is associated with the risk of exposure to hazardous factors of fire, smoke, sparks and combustion
products, as well as in the field of obtaining new types of materials capable of effectively protecting a person
when performing tasks in the zone of exposure to the above-mentioned hazardous factors.

CURRENT STAGE OF DEVELOPMENT
Research or development (technological) work has been completed; a prototype was released.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Light industry enterprises.

CONTACT INFORMATION

Andrey Starovoytov, Head of the Research Center in the Field of Elimination of Emergencies.
Tel.: (+375 17) 388 97 20
E-mail: likv.niipb@112.by
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IV. EDUCATIONAL INSTITUTION
“BELARUSIAN STATE AVIATION ACADEMY”

6. INTELLIGENT NAVIGATION AND INFORMATION SUPPORT SYSTEM
FORTHE ORGANIZATION, COORDINATION AND CONTROL OF UNMANNED AIRCRAFT
FLIGHTS IN A SINGLE AIRSPACE

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

An analysis of the development of the global market for unmanned aerial systems (UAS), international experi-
ence, and the status of work on integrating UAS into common airspace (CA) has been conducted. Additionally,
an examination of international and national documents concerning regulatory support for UAS integration was
performed. The current state and challenges of organizing UAS traffic in the Republic of Belarus’ airspace were
identified, along with potential solutions to these issues.

As a result of this research, several proposals have been made: a new structure for CA and procedures (stages
and their content) for integrating UAS into the republic’s common airspace; an architecture for a navigation and
information support system, including new procedures and services, models of software-hardware complexes
for UAS air traffic control centers, its architecture within the context of informational processes and participants,
basic services, and informational links of the platform. Field experiments were carried out to assess the position-
ing accuracy of unmanned aerial vehicle (UAV) under various operating conditions, including cellular networks.
Methods for constructing optimal flight trajectories for UAV were developed and studied through mathematical
modeling.

TECHNICAL ADVANTAGES

The architecture and operational concept of a multi-level navigation and information support system for UAS
air traffic has been developed, a functional model of the software and hardware complex of the unmanned traf-
fic control dispatcher has been developed, the characteristics of the accuracy of maintaining UAV trajectories,
the integrity of the navigation field and the observation field for various variants of UAV onboard equipment
and the ground infrastructure of existing and promising technical means of air traffic control have been studied.

The scientific and technical level corresponds to the global level of novelty.

EXPECTED RESULT OF APPLICATION

The final result of the project is a concept for integrating UAS into the republic’s airspace based on an intelligent
navigation and information support system for their flights.

CURRENT STAGE OF DEVELOPMENT

Research or development (technological) work has been completed.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Aviation Department of the Ministry of Transport and Communications of the Republic of Belarus, UAS opera-
tors and service providers.

CONTACT INFORMATION

Oleg Skrypnik, Professor of the Department of Traffic Management and Safety in Air Transport, Doctor
of Technical Sciences, Professor.
E-mail: skripnikon@yandex.ru



V. BELARUSIAN STATE UNIVERSITY

7. UNIVERSITY NANOSATELLITE “BSUSAT-2"

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The BSU has implemented a full cycle of assembly, debugging, testing, launch and operation of the spacecraft.
“BSUSat-2"is a universal reconfigurable flight platform of a modular type with a unifying motherboard, a frame,
service modules of the main on-board subsystems for power supply, radio communication, control, orientation
and stabilization and a set of payload modules for specific scientific and practical tasks. The second BSU nano-
satellite “BSUSat-2" was launched into orbit on June 27, 2023.

TECHNICAL ADVANTAGES

A reconfigurable modular flight platform that allows the connection of both service modules and payload
modaules for specific scientific and practical tasks without disassembling the frame.

A distributed control, data reception and processing center connected to the International Amateur Radio
Network of Automatic Receiving Stations “Satnogs”.
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EXPECTED RESULT OF APPLICATION

Development of a whole range of new promising space technologies related to the development of ultra-small
spacecraft.

Import substitution of the material base for the development of groups of ultra-small spacecraft and training
of specialists in the aerospace industry.

Reduction in the cost of student training by reducing the cost of purchasing expensive laboratory equipment
for training specialists in the aerospace industry.

Improving the quality of education and training specialists in the interests of the functioning of the space
industry and innovative development.

The social effect of the project is to attract employees and students of the BSU and representatives of other
higher educational institutions of the republic to current and promising technologies of the space industry
of Belarus.

CURRENT STAGE OF DEVELOPMENT

Two flight prototypes of the nanosatellite, equipped with full design documentation, have been developed and
manufactured. A full cycle of technological and flight tests has been conducted. A distributed control, reception
and data processing center has been developed. After launching into a sun-synchronous orbit, the apparatus
is used as an educational and scientific laboratory for conducting scientific and technological research and train-
ing personnel for the aerospace industry.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Universities, companies engaged in the development of specialized groups of spacecraft and UAVs, as well
as targeted space equipment.

CONTACT INFORMATION

Vladimir Saechnikov, Doctor of Physical and Mathematical Sciences, Professor.
Tel.: (+37517) 209 58 33
E-mail: saetchnikov@bsu.by

8. ATMOSPHERIC REFRACTION MODELING FOR LASER SPACE COMMUNICATIONS
AND NAVIGATION

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The developed model and its software readaptation allow calculating refraction when laser radiation passes
through the atmosphere at various temperature and pressure dependencies, including those significantly
different from the standard atmosphere. The model works in a wide range of azimuth angles, including large
ones, where simple astronomical formulas become unsuitable for calculating refraction. The computer calcu-
lations performed using several known semi-empirical dependences of the refractive index on temperature,
pressure and laser radiation wavelength showed good agreement with known experimental data for an atmo-
sphere close to the standard one. Refraction calculation is necessary for establishing and maintaining stable
laser communication and high-precision navigation with spacecraft, especially at large azimuth angles (small
horizontal ones).

TECHNICAL ADVANTAGES

The possibility of calculating refraction for various theoretical and experimental models of the refractive index.
The model allows us to take into account the dependence of the refractive index on temperature, which differs
from the data of the standard atmosphere. For large azimuthal angles, refraction calculations were performed
for the first time. Analogues have not been found either abroad or in the Republic of Belarus.



EXPECTED RESULT OF APPLICATION

The developed model makes it possible to more accurately calculate the distance and position of the satel-
lite (aircraft) at high altitudes and distances. The refraction calculation makes it possible to adjust the direction
of the laser beam, taking into account its refractive deviation, in order to establish and maintain a stable laser
communication channel.

CURRENT STAGE OF DEVELOPMENT
Research or development (technological) work has been completed.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Developers of laser space communication and navigation systems, laser communication systems in the atmo-
sphere at high altitudes and distances.

CONTACT INFORMATION

Igor Prokopovich, PhD of Physical and Mathematical Sciences, Associate Professor.
Tel.: (+375 29) 750 88 28
E-mail: iprd@mail.ru
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VI. EDUCATIONAL INSTITUTION
“BELARUSIAN STATE TECHNOLOGICAL UNIVERSITY"

9. LUMINESCENT MATERIALS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Luminescent materials in the form of glass, glass ceramics and ceramics are used as multi-color phosphors; in
the creation of active media for laser technology; in the creation and production of light sources based on glass
ceramics and blue semiconductor lasers, acting as an alternative to existing LED assemblies; for applications as
secondary radiation sources in lighting devices and information display systems. The use of various matrices and
combinations of activator ions ensures the effective conversion of UV and IR radiation into visible light.

TECHNICAL ADVANTAGES

Modern technology for producing luminescent materials in the form of glass, glass ceramics and ceramics.
Possibility of producing samples of complex configuration, including in the form of fiberglass.

Effective up-conversion converters of IR radiation into the visible region of the spectrum.

Effectively converts UV radiation into the visible range.

High photo- and thermal stability in the design of LED lamps.

C.LE. diagram




EXPECTED RESULT OF APPLICATION

Nowadays there is a large variety of luminescent materials that are widely used in a number of practical applica-
tions such as high-energy physics, nuclear physics, medicine, national security, exploration, lighting, agriculture
etc. that make their development and investigation actual and important. The introduction of the compositions
of the luminescent materials on the existing technological equipment, subject to adjusting the production pa-
rameters of preparation and use, will provide imports phase-out. Their will ensure the development of new
technologies, improve the quality of life and improve LED lighting.

CURRENT STAGE OF DEVELOPMENT

Research or development (technological) work has been completed.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Plant Optic OJSC, Brest Electric Lamp Plant PC.

CONTACT INFORMATION

Ekaterina Trusova, Associate Professor, PhD in Engineering.
Tel.: (+375 29) 767 43 37
E-mail: trusova@belstu.by




VII. BELARUSIAN NATIONAL TECHNICAL UNIVERSITY

10. ELECTRONICVIRTUAL SIMULATOR OF HEAVY MECHANIZED BRIDGE “TMM-3"

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The electronic virtual simulator is designed to study the design of a heavy mechanized bridge and to practice
the actions of the calculation numbers when building a bridge crossing.

TECHNICAL ADVANTAGES
There are no analogues to the electronic virtual simulator “TMM-3".

EXPECTED RESULT OF APPLICATION

Using the simulator will allow you to gain theoretical knowledge in the design of the “TMM-3", gain skills and
abilities in its operation, thereby improving the quality of the educational process.

CURRENT STAGE OF DEVELOPMENT

Implemented into the educational process in educational institutions of the Republic of Belarus and the Rus-
sian Federation.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Higher military educational institutions.

CONTACT INFORMATION

Dmitry Mironov, Associate Professor of the Department of Military Engineering Training, PhD of Technical
Sciences, Associate Professor.
E-mail: vtf@bntu.by




11. ELECTRONICVIRTUAL SIMULATOR OF THE BRIDGE CONSTRUCTION
INSTALLATION “USM-2"

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The electronic virtual simulator is designed to study the design of the installation for the construction of low-
water wooden bridges on rigid supports and to practice the actions of calculation numbers during its con-
struction.

TECHNICAL ADVANTAGES
There are no analogues to the electronic virtual simulator “USM-2".

EXPECTED RESULT OF APPLICATION

Using the simulator will allow you to study the design of the “USM-2", gain skills and abilities in its operation,
thereby improving the quality of the educational process.

CURRENT STAGE OF DEVELOPMENT

Implemented into the educational process in educational institutions of the Republic of Belarus and the Rus-
sian Federation.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Higher military educational institutions.

CONTACT INFORMATION

Dmitry Mironov, Associate Professor of the Department of Military Engineering Training, Candidate
of Technical Sciences, Associate Professor.
E-mail: vtf@bntu.by

12. APPLICATION OF PLASMA AND LASER TECHNOLOGIES IN THE PRODUCTION
AND REPAIR OF WEAPONS AND MILITARY EQUIPMENT

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Technologies have been developed for creating functionally gradient coatings with the required nature
of property change in depth using a combined method of thermal spraying and laser processing, ensuring




the production of a high-quality layer for large-sized complex-profile parts. The use of the developed technolo-
gies will increase wear resistance, ensure the required durability, and reduce material costs for the purchase
of new parts. It is advisable to use this approach in cases where restoration by traditional methods is impossible,
which helps to improve maintainability. Widespread implementation of coating formation methods will increase
the traction and load-bearing capacity of existing military equipment samples at the stage of its modernization.
A technology has been developed for creating hybrid multilayer materials resistant to impact effects, intended
for the creation of armored objects for various purposes: personal protective equipment (bulletproof vests),
cars (representative, collection and security services), military equipment (armored hulls of armored vehicles).
Hybrid multilayer materials provide high armor resistance due to the guaranteed destruction of only one armor
element from the entire block.

TECHNICAL ADVANTAGES
The scientificand technical level of developments corresponds to the level of developments in the CIS countries.

The laboratory has a unique database of intellectual activity results in the field of processes for hardening pro-
ducts of various functional purposes using laser, gas-thermal and combined technologies. In previously conducted
studies, an analysis of the methods and materials used to create functionally graded materials with the required
performance properties for various industries in the Republic of Belarus was performed. The accumulated com-
petencies allow us to successfully find solutions to complex technological problems, including those related
to import substitution.

EXPECTED RESULT OF APPLICATION

Technologies for creating functional-gradient coatings and hybrid multilayer materials can be used in work
in repair departments and organizations to restore the functionality of damaged mechanisms and machines.
The use of technologies for creating these coatings at enterprises manufacturing weapons and military equip-
ment will help increase the reliability and competitiveness of domestic products.

CURRENT STAGE OF DEVELOPMENT
Research or development (technological) work has been completed; a prototype was released.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

The result can be used in the interests of the Ministry of Industry and the Ministry of Defense of the Republic
of Belarus in the modernization and creation of new models of military equipment.

CONTACT INFORMATION

Oleg Devoino, Head of Plasma and Laser Technologies Research Laboratory Professor of Mechanical
Engineering Technology Department, Doctor of Technical Sciences, Professor.

Tel.: (+37517) 357 3058

E-mail: plazteh@bntu.by




VIIl. EDUCATIONAL INSTITUTION
“BELARUSIAN STATE UNIVERSITY OF INFORMATICS
AND RADIOELECTRONICS”

13. CHARCOAL-CONTAINING MICROWAVE ABSORBERS FOR ANECHOIC CHAMBERS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT
Application: microwave systems.
Purpose: finishing of walls and ceilings of anechoic chambers.

Novelty and difference from analogues: the structure
of the absorbers includes radio-transparent forms, due to which
these absorbers are characterized by higher strength compared
to analogues.

TECHNICAL ADVANTAGES
Increased strength.

Reduced cost.
Reduced weight per unit area.

EXPECTED RESULT OF APPLICATION

Increasing the accuracy of microwave measurements, ensuring electromagnetic compatibility of electronic
devices.

CURRENT STAGE OF DEVELOPMENT
A prototype was released; development is introduced into production.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
“Radar”— Management Company of the Holding Company “Radar Systems” JSC, Depoint LLC.

CONTACT INFORMATION

Olga Boiprav, Head of the Information Protection Department, PhD, Associate Professor.
Tel.: (+37529) 572 48 53
E-mail: smu@bsuir.by

14. TECHNIQUES FOR TESTING OF RADIO-ELECTRONIC SYSTEMS
AND ELECTROMAGNETIC PROTECTION MEANS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Scope: ensuring the stable operation of critically important radio-electronic equipment of ground facilities
and on-board systems.

Purpose: testing of technical means (TM) for resistance to ultra-short electromagnetic pulses in accordance
with the requirements of GOST R 56103-2014, GOST R 52863-2007; testing of means of protecting electronic
equipment and systems from electromagnetic impact.
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Technical characteristics of the mobile test complex of pulsed electromagnetic fields (TC PEMF):

- amplitude of the emitted electromagnetic pulse at the beginning of the working zone on the radiation axis:
not less than 50 kV/m;

- size of the irradiation zone with a non-uniformity of 3 dB near the beginning of the working zone: 1.2x0.8 m;

- duration of the front of the emitted electromagnetic pulse between levels from 0.1 to 0.9 of the amplitude
on the radiation axis: 170 ps + 30 %;

- duration of the emitted electromagnetic pulse at a level of 0.5 of the amplitude: 200 ps + 30 %;

- pulse repetition frequency: continuously adjustable, from 100 Hz to 1,000 Hz;

- duration of a series of pulses: discretely adjustable: 0.1;0.2; 0.5; 1.0 s £ 10 %, continuous mode (no more than
5 min).

Technical characteristics of the complex for measuring the shielding effectiveness of protective means:

- dimensions of the universal shielded measuring cabin (USMC): 0.7x0.7x1.1 m;

- maximum size of a sheet material sample when measuring shielding effectiveness: 200x300 mm;

- frequency band for measuring the shielding effectiveness of protective means: from 300 MHz to 20 GHz;

- dynamic range of the measuring setup: 75 dB.

TECHNICAL ADVANTAGES

Analysis, experimental assessment and protection of radio-electronic equipment, systems and objects of vari-
ous purposes against the effects of electromagnetic pulses (EMP) includes the following:

- methodological support for the process of technical means (TM) testing for resistance to the effects of EMP:
development of a test plan, preparation of a test complex taking into account the type and features of the TM
under test, scientific and methodological support of the works (calculations, development of mathematical models
of the processes under analysis, etc.);

— carrying out tests in accordance with the requirements of standards and the requirements of the customer (on
the customer base);

- complete information and documentation support for the testing process: provision of the results of objec-
tive control of the testing process (video recordings, diagrams, data files, etc.); provision of test results in the form
of scientific and technical reports, test protocols, expert conclusions, etc,;

—analysis of test results, in particular, determination of units and elements of the tested TM sensitive to the ef-
fects of EMP, as well as development of measures and recommendations for protecting of TM against EM impacts.
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EXPECTED RESULT OF APPLICATION

Ensuring the safety of the operation of critically important radio-electronic equipment (REE), which are the parts
of automated control systems for fuel and energy complex facilities (in particular, power plants) and transport
traffic (automobile, rail, aviation), etc. in a complex electromagnetic environment (EME). Ensuring intra-system
and inter-system electromagnetic compatibility of REE.

CURRENT STAGE OF DEVELOPMENT

Research or development (technological) work has been completed.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

BSUIR, Research Institute of Applied Physical Problems RIAPP named after A. N. Sevchenko, UE “STC “LEMT”
BelOMO, AG “"AGAT — control systems’, North China Electromagnetic Protection Research Institute (NEPRI).

CONTACT INFORMATION

Vladimir Mordachev, Head of R & D Lab., PhD in Radio Engineering, Associate Professor.
Tel.: (+37517) 293 84 38
E-mail: emc@bsuir.by, mordachev@bsuir.by
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IX. EDUCATIONAL INSTITUTION
“YANKA KUPALA STATE UNIVERSITY OF GRODNO"”

15. DIGITAL TWINS OF WEAPONS SAMPLES

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The developed digital twins of weapon samples are used in the educational process when giving lectures,
conducting laboratory and group classes to train cadets and students when working with special ground re-
connaissance equipment as digital training materials for the specialties “Combat use of ground units of military
reconnaissance’, “Squad commander (tactical reconnaissance)”. The possibilities are provided to study the fea-
tures of the device design, operating principles, and the procedure for working with the device in a form that
is easy to perceive and reliable. Photorealistic 3D visualization and simulation allows emulating the real operation
of weapon samples.

TECHNICAL ADVANTAGES

Photo, video realism, 100 % simulation of the operation of a real device, the use in the development of funda-
mentally new methods and mechanisms for developing high-quality 3D models and software implementation
of the mechanics of the device using the Unity, Untrial platform.

EXPECTED RESULT OF APPLICATION

Increased efficiency of officer training in the framework of tactical and special training disciplines, reduced
costs for the acquisition, storage and maintenance of real military devices; the ability to train anywhere and at
any time using modern digital devices; ready-made computer programs for implementation in the educational
process of customer institutions.

CURRENT STAGE OF DEVELOPMENT

The development has been implemented in the educational process of the combined arms department
of the military faculty of the El “Yanka Kupala State University of Grodno” for training students of the military
faculty in the specialties “Combat use of ground units of military reconnaissance”, “Squad commander (tactical
reconnaissance)” when studying special training disciplines.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Military faculties of educational institutions of the Republic of Belarus and the Russian Federation.

CONTACT INFORMATION

Natalia Semenchuk, PhD of Physical and Mathematical Sciences, Associate Professor of the Department
of Fundamental and Applied Mathematics of the Faculty of Mathematics and Informatics.

Tel.: (+375 29) 786 69 44

E-mail: senatal55@gmail.com
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Andrey Monich, Senior Lecturer of the Cycle of Tactical Disciplines of the Military Faculty.
Tel.: (+37529) 785 08 76
E-mail: Monich_AN@grsu.by

Ivan Ermak, Lecturer of the Department of Modern Programming Technologies.
Tel.: (+375 44) 783 89 81
E-mail: Ermak_IV@grsu.by

16. COMPOSITE THERMOPLASTIC MATERIALS FOR CONSUMABLE
SEMI-FINISHED PRODUCTS USED IN FDM-PRINTING FOR ADDITIVE
MOLDING OF SPECIAL-PURPOSE PRODUCTS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The essence of the project is to develop compositions and tech-
nology of import-substituting polymer composite materials for
the production of consumable semi-finished products (filaments)
used in additive molding of functional products with enhanced per-
formance parameters by layer-by-layer deposition (FDM-printing).
The relevance of the project is due to the current lack of domestic
industrial production of semi-finished products (polymer filaments)
based on thermoplastic polymers for 3d-printers. Creation of do-
mestic semi-finished products production will allow to provide
the developing market of additive technologies included in the key
technologies of post-industrial economy. Compositions and tech-
nology of filaments manufacturing on the basis of domestic raw
material — polyamide-6 produced by the branch “Khimvolokno
Plant” of Grodno Azot JSC — which can be used for FDM-printing
of products of mechanical engineering, automotive industry, road
construction, special purpose (for example, housing elements
of drones and vehicles) are offered.

TECHNICAL ADVANTAGES
The offered products have the following technical and economic advantages:

- import substitution;
- higher parameters of stress-strain characteristics (1.2-1.5 times higher compared to analogs);
- lower parameters of cost characteristics (1.3-1.5 times cheaper than analogs).

EXPECTED RESULT OF APPLICATION

Innovative production of filaments with increased parameters of operational characteristics is planned to be
created in the structure of UNPC “Technolab” RUE in the status of scientific and technological park at the El“Yanka
Kupala State University of Grodno” with the assistance of industrial enterprises of the region — Belvtorpolymer
JSC, Grodno Azot JSC, Tsvetlit UE.

CURRENT STAGE OF DEVELOPMENT
Research or development (technological) work has been completed.



POTENTIAL CONSUMERS AND INTERESTED PARTIES

The main consumers of filaments are technological parks; design bureaus, technical departments, pilot produc-
tion sites of machine-building enterprises; educational centers, youth creativity centers; educational institutions;
military-industrial complex units of Belarus; private consumers.

The adjacent market of products and services can be formed by enterprises of chemical industry, enterprises
manufacturing products from polymer materials, which can also act as key partners.

CONTACT INFORMATION

Alexander Antonov, Associate Professor of the Department of Materials Science and Resource-Saving
Technologies, PhD, Associate Professor.

Tel.: (+375 29) 265 99 36

E-mail: antonov_as@grsu.by

Alexandra Budko, 4th Year Student, Faculty of Engineering.
Ekaterina Stanislavovich, 4th Year student, Faculty of Engineering.
Alexandra Kasach, 4th Year Student, Faculty of Engineering.

Daria Kozich, 2nd Year Student, Faculty of Engineering.




SECURITY PROVISION: TECHNOLOGIES, EQUIPMENT, SPECIAL TOOLS

X. INTERSTATE EDUCATIONAL INSTITUTION OF HIGHER
EDUCATION “BELARUSIAN-RUSSIAN UNIVERSITY”

17. METHOD OF POINT-FACTOR ASSESSMENT OF THE FREQUENCY OF OCCURRENCE
OF EVENTS INITIATING FIRE HAZARDOUS SITUATIONS FOR LIQUEFIED
HYDROCARBON GAS TANKS AT GAS FILLING STATIONS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The developed method is a list of factors that influence the level of risk of accidents and fires at automobile gas
filling stations (AGFS) with above-ground and underground tanks with liquefied petroleum gas (LPG), established
rules for calculating points for each factor, taking into account the features of the operation of the AGFS equipment,
as well as other technical, technological, organizational measures, and the impact of the external environment.

The method is designed to assess the frequency of events initiating fire hazardous situations for above-ground
and underground LPG tanks at AGFS, the results of which allow:

- to identify the most significant factors in terms of influence on the likelihood of a fire hazardous situation;

- to propose special compensatory measures to improve the level of safe operation of LPG tanks and signifi-
cantly reduce the fire risk at AGFS.
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TECHNICAL ADVANTAGES

Based on the study of the provisions of industrial and fire safety requirements, legislation on urban development,
as well as a survey of experts, a method for assessing fire risk has been developed, the application of which allows:

- to take into account many technical, technological, organizational and environmental factors;

- to adjust the frequency of occurrence of events initiating fire hazardous situations taking into account
the operating characteristics of a specific gas filling station, ensuring an increase in frequency when deviating
from safety requirements and a decrease in frequency when implementing additional measures;

- to justify a strategy for improving fire safety by taking into account special measures that reduce the likeli-
hood of fires and individual fire risk.



A methodology has been developed for conducting and processing the results of a survey of experts to de-
termine the weights of factors influencing the likelihood of a fire for above-ground and underground LPG
tanks at gas filling stations.

EXPECTED RESULT OF APPLICATION

Taking into account the most significant factors in the preparation and implementation of measures for
the safe operation of LPG tanks at gas filling stations.

CURRENT STAGE OF DEVELOPMENT
Development is introduced into production.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Organizations operating gas stations; Gospromnadzor; Rostekhnadzor.

CONTACT INFORMATION

Piotr Orlovskiy, Senior Lecturer, Department of Technosphere Safety.
Tel.: (+37529) 376 43 68
E-mail: piotr080694@yandex.ru
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Xl. EDUCATIONAL INSTITUTION “GOMEL STATE
UNIVERSITY NAMED AFTER FRANCYSK SKARYNA”

18. SOL-GEL COATINGS BASED ON Si0, FOR MICROELECTRONICS APPLICATIONS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The methods of protection and planarization of microelectronic components differ depending on the method
of coating application. Vacuum methods of film deposition require expensive process equipment, which requires
highly qualified personnel to operate. In contrast, chemical methods, which include the sol-gel method, are
more accessible and are carried out on simpler and cheaper equipment. The versatility of the equipment used in
chemical methods allows for the production of coatings of controlled composition at relatively low temperatures.
At the same time, the coatings have certain properties to ensure the normal operation of process materials dur-
ing their service life. The currently known sol-gel methods for producing such coatings based on organic silicon
compounds have a number of disadvantages: the presence of a large number of components in the synthesis
of the film-forming solution, the lack of resistance to temperatures from -50 to +700 °C, the lack of versatility
and the possibility of obtaining planarization and protective coatings on different types of substrates without
changing the component composition of the film-forming solution.

Technical characteristics of coatings:

— appearance: the coating surface is uniform, transparent, smooth, shiny, without cracks;
- thickness (specified by application conditions): from 200 nm to 2 pm;

—adhesion: class 0 (ISO 2409:2013, ASTM-5B);

— dielectric constant: 2-5 € (with a dielectric layer thickness of 0.25-1.00 um);

- refractive index: 1.30-1.42;

- heat resistance: up to 700 °C.

The developed coatings allow to smooth the surface by 95 %. On the surface with the height of structures
of 800 nm during the formation of a two-layer coating, planarization up to 40 nm occurs with the total layer
thickness of about 1 um. The obtained coatings are transparent in the visible range, homogeneous and continu-
ous on substrates with different coefficients of thermal expansion (metal, semiconductor, ceramics), possessing
high hardness (ISO 15184:2012), flexibility (ISO 1519:2011) and low dielectric constant.
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TECHNICAL ADVANTAGES
Application of the solution by centrifugation and dipping methods.
A uniform transparent coating is formed after heat treatment at a minimum temperature of 200 °C.



Excellent adhesion to the surface: silicon, aluminum, silicon substrates with aluminum wiring, glass and quartz.
Mechanical resistance to temperature fluctuations from -50 to +700 °C.
Resistance to alkaline and acid etchants.

EXPECTED RESULT OF APPLICATION

The use of compositions for the synthesis of protective dielectric sol-gel coatings will reduce dependence
on imported materials and replace imported compositions used for planarization in microcircuit production
technology with domestic ones, which will reduce production costs several times.

Price advantages: the cost of 1 kilogram of the developed composition is about 1,000 rubles, the cost of a for-
eign analogue is about 6,500 USD per 1 kg.

CURRENT STAGE OF DEVELOPMENT

Research or development (technological) work has been completed; a prototype was released.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Enterprises of the electronics industry: Integral JSC (Minsk, Republic of Belarus), Planar JSC (Minsk, Republic
of Belarus), Silicon Group EL (Bryansk, Russia), Mikron and Angstrem (Zelenograd, Russia), Novosibirsk Semicon-
ductor Devices Plant “Vostok” (Novosibirsk, Russia).

CONTACT INFORMATION

Vladimir Gaishun, Head of Laboratory, PhD in Physics and Mathematics, Associate Professor.
Tel.: (+375 44) 775 05 05
E-mail: vgaishun@gsu.by
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XIl. RESEARCH INSTITUTE FOR PHYSICAL CHEMICAL
PROBLEMS OF THE BELARUSIAN STATE UNIVERSITY
(IN COOPERATION WITH STATE ENTERPRISE “SPC LOTIOS")

19. MEDICINAL PRODUCT “FOSCELANTAN, MEDICINAL PLATE 4x5 CM”

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The drug “Foscelantan” can be used to treat purulent-inflammatory
processes of the skin and soft tissues, burns, difficult-to-heal wound
surfaces, cut and puncture wounds and abrasions, to stop bleeding and
prevent infectious complications. Provides a moist course of the healing
process of the wound surface, stimulates regenerative processes and
reduces wound healing time, has a local analgesic effect, bactericidal
and fungicidal activity.

TECHNICAL ADVANTAGES
There are no domestic analogues.

EXPECTED RESULT OF APPLICATION

The drug does not have a damaging effect on cell proliferation, the for-
mation of granulations and epithelization of wounds, and reduces
the healing time of wounds on average within 7 days.

CURRENT STAGE OF DEVELOPMENT
Research or development (technological) work has been completed.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Military health care institutions of the Republic of Belarus.

CONTACT INFORMATION

Tatsiana Yurkshtovich, Head of the Laboratory, PhD.
Tel.: (+37517) 3798229
E-mail: Yurk@bsu.by

Vladimir Gapanovich, Director, Doctor of Medical Sciences, Professor.
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XIll. A. N. SEVCHENKO RESEARCH INSTITUTE
OF APPLIED PHYSICAL PROBLEMS OF THE BELARUSIAN
STATE UNIVERSITY

20. METHODOLOGY FOR DETERMINING THE RADIATION RESISTANCE
OF CERAMICNANOSTRUCTURED COATINGS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The coating testing method is intended to determine the radiation resistance of nano- and microstructured
coatings made of nitrides, carbonitrides of titanium and aluminum with additives. Radiation resistance is under-
stood as the resistance of coatings to ionizing radiation, in particular to the effects of inert gas ions (He+, Ne+,
Ar+, Kr+, Xe+) and protons. The resistance of coatings to impacts, in particular to irradiation with inert gas ions,
should be expressed in the invariability of their elemental composition, structural-phase state and functional
properties, in this case, tribomechanical characteristics.

TECHNICAL ADVANTAGES

The method is a unique development and allows determining the radiation resistance of materials without
testing in real conditions of use.

EXPECTED RESULT OF APPLICATION

The use of this technique allows us to develop new radiation-resistant materials and coatings and to evaluate
their functional properties under real-life conditions.

CURRENT STAGE OF DEVELOPMENT
Research or development (technological) work has been completed.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Industrial enterprises.

CONTACT INFORMATION

Stanislav Konstantinov, Leading Researcher of the Laboratory of Elionics, PhD, Associate Professor.
Tel.: (+375 29) 3423908
E-mail: svkonstantinov@bsu.by

21. ULTRA-WIDEBAND ANECHOIC CHAMBER

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The ultra-wideband anechoic chamber (UWBC) is designed to conduct high-precision measurements of the cha-
racteristics of antenna equipment of modern radar, radio navigation and communication systems and tests
of electronic equipment for electromagnetic compatibility.

The anechoic chamber is used to organize measuring platforms for high-precision measurements of the cha-
racteristics of antenna equipment of modern radar, radio navigation and communication systems, the effective
scattering surface of various objects and tests of electronic equipment for electromagnetic compatibility.



In terms of its electrodynamic and operational characte-
ristics, it is similar to the best world models, such as anechoic
chambers from Franconia.

The ultra-wideband anechoic chamber is completely de-
signed and manufactured by the A. N. Sevchenko Scientific
Research Institute of Physics and Technology of the Belaru-
sian State University. As an import substitution, the pro-
duction of a hybrid radio-absorbing coating has been de-
veloped and organized. With relatively modest dimensions
and a satisfactory price, the wideband operating frequency
range of the chamber allows for a very large range of an-
tenna measurements, measurements of the effective scat-
tering surface of various objects, and studies of electronic
equipment for electromagnetic compatibility.

The ultra-wideband anechoic chamber consists of:
- supporting frame structures;

— hybrid radio-absorbing material developed and manufactured at the A. N. Sevchenko Scientific Research
Institute of Physics and Physics of the BSU;

- a lattice floor made of composite material for personnel movement and equipment installation;
- systems: power supply, ventilation and interference-free (in terms of electromagnetic radiation) lighting;
- connecting elements: connectors, cables for connecting measuring antennas and equipment, etc.

TECHNICAL ADVANTAGES

Frequency range: from 30 MHz to 18 GHz.

Size of shielded room: 6.2x2.7x2.2 m.

Total weight of chamber: 9,000 kg.

Size of certified working volume for placement of equipment under study: 1.0x1.0x1.0 m.
Measuring distance: less than 3 m.

A methodology for metrological certification of the chamber has been developed and approved, confirming
the accuracy of measurements performed in the chamber.

EXPECTED RESULT OF APPLICATION
No.

CURRENT STAGE OF DEVELOPMENT

A prototype with a set of design documentation was manufactured and put into operation in the Republic of Be-
larus. The production of a hybrid ultra-wideband radio-absorbing material was organized at the A. N. Sevchenko
Research Institute of Physics and Technology.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

The ultra-wideband anechoic chamber has been implemented in one copy in the Republic of Belarus. The in-
tended sales market is the military-industrial complex enterprises of the Republic of Belarus and the Russian
Federation.

CONTACT INFORMATION

Valery Knysh, Head of the Laboratory.
Tel.: (+375 17) 368 24 80
E-mail: LpePFP@bsu.by




22. UNMANNED AERIAL SPECTROMETRY COMPLEX

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The unmanned aerial spectrometry complex (UASC) is designed to obtain photospectral images of objects
on the earth’s surface using an unmanned aerial vehicle. Measurements of spectral characteristics of objects
with high spectral resolution are of greatest interest for solving such problems as diagnostics of the condition
of forest stands in order to detect drying out at an early stage, as well as for identifying special spectral features
for use in precision agriculture.

UASC in the used configuration is based on the DJI Matrice 300 RTK (Real Time Kinematic) UAV, the position-
ing accuracy of which with the RTK system turned on is 1 cm £ 1 mm/km horizontally and 1.5 cm £ 1 mm/km
vertically (the hovering accuracy in P-GPS mode is + 0.5 m). A video spectral complex (VSC) and a Zenmuse H20T
thermal imaging camera on a stabilizing gyro-suspender can be installed on the UAV simultaneously or separately.

The VSC includes a Raspberry Pi 4 Model B control single-board computer (CSC), which automatically in-
teracts with the coaxially mounted Raspberry Pi Camera overview camera and spectrometer (indirectly using

DJI Matrice 300

The complex appearance
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3D-image of the complex design:
1— control single-board computer; 2 — USB flash drive; 3 — spectrometer lens; 4 — survey camera lens;
5 — spectrometer unit; 6 — battery; 7 — power switch; 8 — button to stop shooting
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the STM32F405RGT6 microcontroller). The overview camera allows you to obtain RGB images with a resolu-
tion of up to 2,592x1,944 pixels in photo mode. The optical scheme of the spectrometer is built according to
the Rowland scheme based on a concave diffraction grating with an additional flat mirror to reduce the dimen-
sions. The spectral range of the spectrometer is 350-935 nm, the spectral resolution is 4 nm. The angular field
of view of the spectrometer is 0.7x1.2 degrees, the overview camera is 15x27 degrees. The VSC also includes
a power module with a capacity of 10 Ah. The VSK body is made using 3D printing from three types of filaments
for various parts.

The data recorded by the VSK undergo preliminary processing and are saved on a flash drive connected to
the UOC. The output data of UASC are video data series divided into directories (frame rate — 30 frames/sec,
resolution — 1,920%1,080 pixels) and data recorded by the spectrometer (the recording frequency depends
on the spectrometer exposure and is about 10 spectra/sec). Data on the geographic location during the measure-
ments are recorded by the UAV and saved on a flash drive connected directly to the UAV.

A method for obtaining UASC data in photospectral representation has been developed, providing binding
of the spectrometer’s field of view to RGB images with a relative accuracy of 84.9 + 11.6 %. Combining a number
of photospectral images into a single stitched image during area survey allows forming sparse geographically
referenced hyperspectral images. Thus, UASC is a promising means of obtaining Earth remote sensing data for
a wide range of tasks in studying and monitoring objects on the Earth’s surface.

TECHNICAL ADVANTAGES

A method of obtaining data from the complex in the photospectral representation was developed, which
provides georeferencing of the spectrometer field of view to RGB images with a relative accuracy of 84.9 % +
11.6 %. Combining a number of photospectral images into a single stitched image for area imaging allows to
form sparse geographically referenced hyperspectral images.

EXPECTED RESULT OF APPLICATION

The complex is a promising means of obtaining Earth remote sensing data for a wide range of tasks of studying
and monitoring of Earth surface objects.

CURRENT STAGE OF DEVELOPMENT
Prototype UASC has undergone flight tests with experimental evaluation of technical characteristics.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

The main consumers of information obtained using UASC are organizations of the Republic of Belarus and
the Russian Federation associated with the development of devices for monitoring the Earth's surface, as well as
organizations that use remote sensing information in their activities, for example, industry ministries and depart-
ments of the Republic of Belarus and the Russian Federation.

The development was carried out in the aerospace research department of the Research Institution “Institute
for Applied Physical Problems named after A. N. Sevchenko” of the Belarusian State University (NIIPPP named
after A. N. Sevchenko of the BSU).

CONTACT INFORMATION

Boris Belyaev, Doctor of Physical and Mathematical Sciences, Professor.
Tel.: (+37517) 368 32 46
E-mail: remsens@mail.ru



XIV. BODYDVR LIMITED LIABILITY COMPANY

23. SPECIALIZED SOFTWARE FOR CHARGING AND DATA STORAGE TERMINAL
FOR PERSONAL VIDEO RECORDERS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The multifunctional specialized self-developed software is intended for implementation in charging and
data storage terminals (“BodyDVR" production) for personal video recorders (photo, video, and audio recording
of events) with metadata associated with them.

It is worth noting that the use of BodyDVR software will help to solve the problem of the frequent lack of evi-
dence base (video, audio recordings) in emergency and dangerous situations during the official duties of em-
ployees. And due to the possibility of protecting personal and received data, it is suitable for usage in the field
of information security systems.

Currently, the team of experienced craftsmen and engineers are working on the software improvement, adding
innovations, based, of course, on the uers wishes, as wells as the terminal has already been developed, manu-
factured and successfully marketed.

It should be emphasized that our innovative product has already been successfully used by healthcare institu-
tions, Belenergo branches, employees of Mingaz, Grodno Azot JSC and the Ministry of Emergency Situations.

There are also plans to modernize the development and bring it to a new level of capabilities using modern
technologies and market relevance.

TECHNICAL ADVANTAGES

The advantages of our innovation:

- own development, implemented in the self-designed terminal;

- constant updating of new functions and features, as well as the support for third-party equipment;
- instant product response to user commands;

- friendly interface;

- reasonable prices;

- service/technical support (technician’s visit to the user);

- the possibility of implementing innovations not only in the Republic of Belarus, but also in the Russian Fe-
deration, CIS countries, and Europe.

EXPECTED RESULT OF APPLICATION

The multifunctional software developed by “BodyDVR" should allow the user of the system to flexibly configure
and quickly obtain the report including the necessary information, namely: photo, video and audio materials,
which can subsequently be used as evidence, thereby ensuring security and a quick response in various situa-
tions in non-stop mode.

CURRENT STAGE OF DEVELOPMENT
Development modernization with the introduction of new functions and its operation on a new operation
system.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Belenergo branches (specialists in energetics), healthcare institutions, Mingas branches, Ministry of Emergency
Situations, Ministry of Internal Affairs, Belorussian Railway, Minsktrans (transport management), Grodno Azot
JSC, Naftan JSC, factories, etc.

CONTACT INFORMATION

Daniel Lagodich, Director.
E-mail: main@bodydvr.com



XV. SKOKOV-METLL PRIVATE PRODUCTION
AND TRADE UNITARY ENTERPRISE

24, MANUFACTURING OF DETAILS ACCORDING TO CUSTOMER DRAWINGS
USING INNOVATIVE TECHNOLOGICAL PROCESSES

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Automatic lathes allow us to produce any standard hardware products up to 16 diameters. We work with various
types of materials: metals such as steel, brass, duralumin, stainless steel, various types of plastics, etc. We carry
out 3,4,5-axis processing at milling centers. Turning machining centers with a drive tool can process details up
to 320 mm in diameter. There is a welding area with various types of welding. The inspection is carried out by
the technical control service. The products are delivered at our expense.

TECHNICAL ADVANTAGES
The list of our equipment:

- milling machining centers 3+2 axis and 3+1 axis with processing area VMC-60C with processing area
650x510x560 mm;

-2 milling machining centers VDLS 850-012 with processing area 860x510x560 mm;

— CNC milling machines HAAS VF-2;

- turning machining centers HAAS-ST15;

- turning machines (automatic with CNC) LA155 F30 (any non-standard hardware products);
- turning and milling center NTS-250M with a processing area of 320 mm, length — 200 mm;
- universal turning machines with a processing area of D 3-160 mm;

— CNC turning machines with a machining area of 3-200 mm;

- universal milling machines with a workpiece size of 260x160;

- coordinate-boring machines;

- drilling work;

- locksmithing;

- universal work.




EXPECTED RESULT OF APPLICATION
No.

CURRENT STAGE OF DEVELOPMENT
Development is introduced into production.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Serial production of details for enterprises of the industry engaged in the manufacture of precision mechanics
and optics devices, enterprises of the military-industrial complex (MIC).

The main consumers of details for the optical and mechanical industry are enterprises producing the following
types of equipment:

- geodetic;

- medical;

- lighting;

- monitoring devices.

CONTACT INFORMATION

Svetlana Maksimenko, Deputy Director of Commercial Affairs.
Tel.: (+37517) 514 86 20
E-mail: skokov-metll@mail.ru
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